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CHAPTER  1 
INTRODUCTION 

Taxonoinlc  Ovwviaw 

Thd  freshwater  prosobrartch  snail,  EU/nia  cun/icostata,  is  a merriber  of  the  family 
Reoroceridee.  The  pieurocertd  farrtily  contains  approemalely  9 genera  endemic  to 
North  America  (Thompson  1984).  The  pleurocerk)  genus  ESmia  (^Gontoaesis)  is 
disthOuted  throughout  North  Amerioa  artd  is  found  exdusivety  east  of  the  continental 
divide  (Surch  and  Tottenham  1980;  Butch  1982, 1969;  Thompson  1984).  This  genus 
contains  approidmately  SOO  nomine  species  which  are  based  exclusively  on  qu^itative 
adult  shell  characters  surdt  as  shape,  sculpture,  color  and  banding  (Figure  1A) 
(Thompson  1984).  However,  the  current  tiassificalion  recognizes  only  106  spades 

names  are  synonymizad  under  the  names  recognized  in  die  current  fauna. 

Prior  studies  concerning  the  soudieastem  fauna  have  addressed  quantitalive 
shell  characters  sudi  as  the  dimensions  of  the  spire,  body  whorl,  and  aperture  for  only 
a few  individuals  wtthin  a species  (Tryon  1888-1865, 1873;  Goodricn  1934a<,  t93Sa-b, 
1942:  Clench  and  Turner  1956;  Chambers  1990).  This  limited  amount  of  Information 
on  Intraspedes  and  intar^edes  shell  morphological  characters  has  led  to  many 
conflicting  views  witrxn  the  literature  on  what  constitutes  a species  within  this  group. 
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FIGURE  1-COntlnued. 


tnair  type  localUes 


contolldaled  all  of  th»  dascribad  apeciea  of  pleurocarids  In  Nortn  Amenca  undar  a 
Tryon  was  also  responsibla  lor  Ihe  spades  synon/mias  of  the  pleuioands  within  the 

The  first  atleripl  to  dassrfy  the  pleurocaiKIs  mto  retated  groups  was  by 
Qoodiich  (1934a<.  1935s«.  1937.  1938, 1942).  However,  he  chose  to  group  spades 
on  the  basis  of  shall  sculpture  and  disregarded  all  other  morphological  character 
(Table  3).  Ha  also  dascribad  several  new  EA'mia  {-Goniobost^  spades  widiin  these 
soulheBslem  drainages  (Qoodrlch  1921, 1924. 1935a-b.  1939. 1942).  However. 
Qoodridi  relied  on  prior  cdlecUons  by  Dench  and  OKkelberg  for  many  of  the 
pleurocends  that  Goodrich  discussed  wlhin  his  publicattons. 

The  primary  survey  of  the  soulheaslem  moiluscan  fauns  was  by  Clench. 

rivers.  Clench  and  Tumor  (1956)  published  Ihe  survey  results  from  the  Suwannee  River 
system  westward  to  the  Eseanttla  River  system.  Furthennore.  this  document 
descnbed  detailed  locality  mrormatlon  for  the  entire  distnbubon  of  mollusk  spades 
within  the  region  (Table  4). 

9urch  (1982, 1989)  published  Ihe  firsi  notabla  volume  documenting  Ihe 
freshwater  snails  of  North  America.  It  was  this  manual  that  first  employed  the  genus 
name  EAmra  rather  than  Gonrobasrs.  This  volume  reprasanled  the  currently  recognized 
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T>»  Taxonomic  Focua  of  ifin  SUxW 


BM*  amicaslalt  was  onginally  described  as  Malanm  cwvieostala  Reeve  10S1 
from  an  unknown  type  locaHy  in  Fkinda.  Recently,  E.  cunicialala  was  redelined  as  a 
spades-compleii.  composed  of  many  species  that  nave  been  previously  recognized  as 
dsbnct  laxa  (Tbompson  1984).  Prior  studies  bad  a tendency  to  synonymize  similar 
looking  mor^ological  forms  under  this  single  name  wmile  giving  no  categorical  <x 
detailed  reliorisla  for  triasa  condusions  (Tryon  1664, 1873;  Goodrich  1942;  Clench 
and  Turner  1956;  Chambers  1960).  Because  these  synonymies  were  based 


quantitallve  shell  characters  were  used  to  diffarantiala  among  the  poientiid  spades- 
laxa.  Mullivanate  statistical  analysis  of  the  morphological  data  demonstralad  signilicanl 
differences  between  the  forms,  with  potential  applications  in  idenUfications 
Nonelheless,  the  species  relationships  could  not  be  oomplalely  resolved  by  these  same 
cnteria.  Shell  morphology  provided  evidence  for  parti  lei  evolution  or  convergerKe 
among  distandy  rtialed  taxa  within  the  sculheaslem  E/Ma  fauna. 

This  study  used  part  of  the  cytodtrome  c oxidase  gene  segment  (C01)  of  the 
milochondnal  ONA  to  differentiate  between  taxa.  Other  studies  revealed  that 

invenefiraie  speces  and  sibling  spedes  that  were  otherwise  difficult  to  disdnguish 
morpbologieally  (Jecobs  et  al.  1988;  Uehara  and  Shmgaki  1986).  By  using  the  C01 


0«ne,  inra*  ana  intorspecies  drffarancas  among  tha  Btmts  were  assessed  within  the 
region.  This  assessment  provided  the  genetic  Msis  for  each  of  the  species  idanMes 
and  their  relaDonstOps  within  the  itver  drainages. 

Study  Oeiectyas  ml  Implicalions 

In  Ihis  study  I will  address  three  major  concerns  In  the  southeastern  freshwater 
fauna-biodiversity,  brogeogiaphy.  and  conservation  The  southeastern  US  molluscan 
fauna  Is  Ihe  thiro  largest  assembisoe  of  £6mia  In  North  America  (Flguie  1B).  The  most 
recent  assessment  of  ESina  species  had  concluded  that  Iheir  number  had  been  greatly 
Inhaled  (Chambers  1984, 1990).  Furtneanore,  many  of  the  originally  descnbed  spades 
that  wera  phanotypically  diffarem  ware  proposed  to  be  a single  species.  It  Is  this 
complication  wttfSn  the  literature  that  has  led  to  a discrepancy  in  differenlratino  among 
species  wilhin  the  region.  Can  spedas  Idanlificatlons  be  adeouately  assessed  with 
classical  shell  morphology?  This  Investigslian  was  able  to  confirm  that  shall  chareclers 


groupings  were  consistent  with  genetic  separallons.  Can  the  morphological  and 


vres  able  to  show  brat  the  relalionsrtips  among  the  taxa  were  grouped  dlfferenpy 
depending  on  Ihe  data  sat  used  In  the  analyses.  Shdl  characters  was  usad  IP 
damonstrate  convergence  among  the  taxa,  not  ganadc  ralatadnass  within  the  region. 

The  biogeography  of  the  region  will  be  re-e«amined  lor  each  of  tha  river 
drainage  systems.  After  Chamber’s  study  (19B0).  southeastern  blogaography  vres 
altered  by  implementing  e much  wider  distribution  for  a single  species  This  single 
species  taxon  now  inhabitad  several  drainages  rather  than  being  confined  to  a sirtgla 
river  drainage  (Thompson  1984}  This  finding  altered  die  distnbubon  formerly  lapoiled 


dlstritutioi^  ol  the 


Phytsaeography,  a componeiit  ot  biogeography  also  was  aflaressea  within  the 
somhaastam  livers.  Phytogaography  Is  the  relationship  between  phylogeny  and 
geography  [Av«e  et  al.  1987).  Can  the  phylogeny  of  the  speeias-taja  reBaet  the 
aistiibiillon  of  mesa  taia?  Can  the  ourrent  taxa  reflect  the  hlsloncal  movement  of 
fauna  between  the  river  Orainages?  How  does  the  biogeogiaphy  and  phylogeography 
of  Elmia  relate  to  omar  freshwater  organisms  within  the  same  region? 


CHAPTER  2 

MATERIALS  AND  METHODS 
Fieia  Collaelion  Melhodoloaies 

Animal  Desciplion 

TT)a  souinaastam  Elrmia  are  lypically  recoonizad  by  their  Shan  shape,  size,  and 
sculpture.  They  have  elongated  conical-shaped  shells  which  are  extremely  thick  aiKt 
solid  In  appearance  (Figure  2A-2B).  The  adults  range  in  length  from  10nvnto2Smm. 

The  species  within  the  region  may  have  one  to  several  charactenstc  sculpture 
pattems-vertical  nbs,  spiral  cords  or  nodules  (Figure  2A).  The  appearance  of  nodules 
results  wt>en  the  spiral  cords  intersect  the  vertical  nhs.  The  nbs  also  may  vary  in  their 


of  these  sculpture  patterns  mey  vary  according  to  age  end  geographical  variation. 

The  sned  color  of  the  southeastern  EUrnia  is  limited  and  consistent  with  the  other 


periostracum,  and  vanes  from  sftades  of  brown  to  oHve-green.  Some  Efrmia 
populations  have  colored  spiral  bands  encircling  the  whorts.  These  bands  range  from 
reddish  to  dark  brown.  In  some  populations,  the  shall  color  may  appear  black. 
However,  this  black  color  is  due  to  staining  produced  by  high  concentrations  of  tannins 


‘ prosobranchla.  The  i 


1 of  the  foot 


1 2peftjr«  v/hen  th«  : 


Tile  cclor  of  l^e  head  and  foot  leflions  varies  emong  the  ^ecias.  However,  this 
aspect  of  their  biology  has  not  been  well-documerted  within  the  literabire.  The  soft 
parts  are  usually  lass  ncbceable  because  the  snail  typically  withdraws  back  Into  Its 
aperture  when  disturbed.  The  soft,  exposed  parts  consist  of  a pale  grayish-blue 

Intensity,  quantity,  and  coml^nalion  of  diese  colors  may  vary  according  to  species 
The  Study  Area 

The  study  area  consisted  ot  several  major  and  minor  river  drainage  systems  of 
lha  Gulf  coastal  and  southern  Aeaniic  coastal  plains  (Figure  2C).  This  area  was 
determined  using  the  distnbubons  of  the  EHina  spedes  recorded  by  prior  InvesUgalions 
within  the  region  (Goodrich  1834ac,  1939, 1942;  Clench  and  Turner  1956).  The  river 
drainages  from  the  Eseembia  River  system  eastward  to  the  Apalachicola  RIvor  system 
ware  sampled  lor  smooth  forms  of  Bmia  (Figures  34;  Tables  S-10),  The  smaller 
tnbutaries  ot  the  lower  end  of  the  Alabama  River  which  lie  adjacanl  to  the  EscambiB 
River  were  surveyed  for  similar  morphological  fonns  (Figure  2:  Table  7),  The  rivers 
vrithin  the  soulhem  Atlantic  coastal  plain  which  Include  Brier  Creek  and  the  Allamaha, 
Ogeechee.  and  Savannah  Rivers  were  surveyed  for  comparative  materiel  (Figure  7; 
Table  11). 


RaM  CoHecttoff 


DataColleaion 

ThelocaliMswithintnisresion  weresamplM  betwwfi1993and  1997.  Tn« 
ssmpla  locations  are  IndIcalM  In  their  respective  ubles(Tablss  7-11).  Also,  localities 
that  were  not  visited  personally  but  enainined  from  only  voucher  specimens  ere 
hOicated  by  an  asterisk  (")  with  tite  locality  number  The  river  drainage  tables  also 

that  ere  listed  in  Appendix  A.  Appendix  A contains  all  the  pertineni  specific  inlomistion 
regarding  each  of  the  localities  such  as  the  collector,  collector's  held  numbers  which 
correspond  to  referenced  field  notes,  and  the  dale  of  caiecHon.  The  river  tables 

morphologically  (MORPH)  or  genetically  (DNA).  If  water  analyses  were  pefformed  at 
the  Bite,  a <*)  is  used  under  the  WATER  column. 

In  the  genetic  analysis,  two  spades  outside  the  study  arse  were  used  for 
comparative  purposes.  Template  DNA  from  Binia  oMa  was  provided  by  C.  Lydeaid 
from  the  University  of  Alabama  at  Tuscaloasa.  E.  oirvula  Is  a species  of  the  Coosa 
River,  a tributary  of  the  Upper  Alabams  River  drainage  system.  PaetiyehUus  oboHaeus 
was  used  as  an  outgroup  for  this  study.  Pacfiycfiili/s  is  the  only  pleurocend  genua  that 
occupies  rtvers  in  Central  America.  The  voucher  specimens,  PacAychilu*,  have  been 
deposited  at  FLMNH.  Specific  Information  regarding  these  vouchers  Is  located  In 


Shell  Moreholonical  Analyses 
Snails  used  In  this  study  consisted  of  live  collected  m 
material  from  designaled  museums.  Voucher  specimens  froi 


History.  Cataloged  i 


orkfa  (UF),  Uusaum  of  Compara6ve  Zoolosy  I 


Harvard  Univeraity  (MCZ).  and  Univarsityof  McDItar  Museum  of  Zoology  (UMMZ). 
Examination  of  RelevanI  Museum  Types 

The  following  type  specynens  were  examined:  Melania  curWcoafafa  Reeve, 

1861.  Types  BMNH  1894056:  Melania  dans/coafafa  Reeve.  1861,  Types  BMNH 
1994057:  GonioPaaisdoolyens/a  Lea.  1862:  Lectotype  JSNM  118121,  Paralectotypes 
USNM  675108:  SonioOasis  eUotti  Lee.  1882,  Lectotype  USNM  118122,  Paraleclotypes 
USMM  873113:  GonroMaia  elowahensls  Lea,  1862,  Lectotype  USNM  121478; 
GonioPasia  gesnen  Lea.  1688,  Lectotype  USNM  119134:  Coniobssis  incSntn,  Lea, 

1862.  Leaotype  USNM  118743,  Paraleclotypes  USNM  873102;  GonioPeala  Mcfi/fe  Lee, 
1862,  Lectotype  USNM  11974,  Peralectotypes  USNM  873111:  GonloPeals  inoaojlett. 
Lea,  1882,  Lectotype  USNM  119177,  Paraleclotypes  USNM  873115:  Melania  modeafa 
Lea.  1845,  lectotype  USNM  119189;  GonioPsaia  mufeOiKs  Lea,  1862,  HololypeUSNM 
118443,  Paretypes  USNM  118493:  GonioPaaia  mikaOllls  lirnidus  QooiVich.  1942, 
Holotype  UMMZ  499211 , Paretypes  UMMZ  49211:  Goniobaais  uelteensis  Lea,  1882, 
Lectotype  USNM  1199259.  Paraleclotypes  USNM  673110:  GonioPaaia  viennaenaia 
Lea,  1882,  Lectotype  USNM  116743,  Paralectotypas  USNM  873110.  The  type  material 
of  GonioPaaia  IBAIana  Lea  1841  could  not  be  located  for  this  analysis. 

Shell  Morohomelrtr-s 

All  stiell  specimens  were  examined  lor  the  following  quamnativa  morphological 
characters:  total  shell  length  (L),  second  shell  length  (2nd  U,  shell  width  (W),  aperture 
height  (ApH),  aperture  length  (ApL),  aperture  width  (ApW),  number  of  whorls,  spire 
angle  (A),  number  of  nbs  on  the  penultimate  whorl  (Ribs),  positon  and  number  of  spiral 


FIGURE  2.  spedss  and  their  dIstrlbuGon.  A*6.  QuenOtattve  shell  features 
esamlned  lor  morphological  analysis.  C.  The  study  area  consists  of 
selected  sites  along  the  major  river  dieinages  of  Rorida,  Georgia,  and 


FIGURE  2- I 


I body  whorl  (BW)  and  on  Iho  oeruIBn 


Dire  (SpW).  Wn.. 


ApH/L.  ApW/ApH.  ApW/ApL.  ApLyi.  W/2ndL  ApW/W.  and  ApW/L  (Figures  2A-B). 
However,  prelimirury  results  usirrg  factor  and  principal  components  analyses  revealed 

The  twelve  variables  used  In  this  analysis  were  L,  2ndL,  W.  ApH,  ApL,  ApW,  A,  Ribs. 
BW,  PW,  W/2ndL.  and  ApW/ApH. 

Shell  measurements  were  made  with  a verruer  caliper  arid  measured  to  the 
nesrestO.1  mm.  Aperture  measurements  were  made  using  a micrometer  end 
corrected  to  trie  nearest  0.1  mm. 

Genetic  Analysis 

Maottwnartal  DNA  isdaton 

Snails  were  Identified  and  measured  lor  quantitsiive  shell  cnaracters.  Fonceps  were 

A portion  of  the  loot  or  proboscis  Bssue  was  removed  from  each  spedmen.  Extreme 
care  was  taken  to  avoid  comamlnaBon  with  materials  from  the  digestiva  gland. 
Laboratory  instruments  used  m the  preparation  of  tissue  samples  were  washed  after 

ToBI  genomic  DMA  was  extracted  from  snail  tissues  using  phenoPohloroform 
exttecbon(Hlllls  and  Moritz  1»92. 1996).  Thetlssuesampleswereemulsiriedin600- 
1000  plof  CTAB  buffer  in  a glass  handheld  Bssue  homogenizer  (Fisher#  BP  176- 
100).  After  Ihe  grinding  process,  no  soUd  pieces  remained  within  the  tubs.  The  buffer- 

tissue  mixture  produced  a frothy  slurry  which  Indicated  the  endpoint  of  grinding.  The 
addition  ofthePVP/SME  buffer  (lOmMTrls-HCL,  pH  8.0,  100  mM  NaCI,  SO  mM  EOTA, 
PVP.  0.29b  OME)  was  a crucial  step  in  the  extraction  process.  This  buffer  removed 


Pohrmaraw  Crwn  R»«cllon  (PCRl  Melhodoloov 


AmpfcficaUon  of  the  cytochrome  oxidase  1 gene  segment  (C01)  from  the 
template  DMA  was  cortducled  with  a Polymerase  Chain  Raselion  <PCR;  MuBis  and 
Faloona  1987).  Modified  versions  of  die  pnmers  developed  by  Folmer  at  al.  (1991) 
were  used  for  amplification.  Primers  developed  lor  this  study  were  COS  (S' 
QTTCAACAAATCATAAA-GATATTGG-3)  and  C06  {S  -TAAACTTCAGQGTGACCAAA- 
AAATCA-3  ).  For  each  sample,  the  PCR  mixture  consisted  of  3 pi  of  3 mU  MgQi.  28.5 
pi  startle  water,  5.8  pi  lOx  buffer,  8 pi  of  nucleotides,  2 pi  of  each  primer,  0.5  plot 
sterile  bovine  serum  albumin,  and  0.2  pi  of  Fag  pdymerasa.  The  master  mix  was  48  pi. 
One  to  four  mrcrditers  of  the  tarr^ate  DMA  was  added  to  each  reaction  mixture. 
Negaliva  PCR  contrds  consisting  of  tamplata-lree  reactions  were  conducted  to  detect 
contamination  and  related  problems  Samples  were  nin  for  38  ^cles  in  a thennocycler 
at  S0°C  lor  annealing,  72*C  for  extension,  and  S4X  for  denaturing.  Five  microlitars  of 

fragments  of  appropriate  size  were  detected  with  ethldium  bromida  staining.  A ONA 
mass  ladder  served  as  a size  standard  (Gibco  BRL«10068-013|.  The  gels  were  run  at 
115  V for  approximately  30  minutes. 

AoatdseGel  PurtfcaUon 

ethldium  bromide  to  recover  the  target  band.  An  allQuot  of  4.5  mIeroBters  from  each  50 
pi  PCR  product  was  loaded  onto  an  agarose  gel.  The  gel  was  run  betvreen  10  and  14 
hours  at  20  V.  Bands  were  excised  out  of  agarose  gel  with  a clean  scalpel  and  placed 
In  sterile  dialysis  tubing.  Dialysis  tubing  was  prepared  by  soahing  in  an  aqueous 


I soaking  dialysis  biblng  < 


nl  of  ultrapL 


come  to  a second  roIGng  boll.  Excess  fluid  was  removed  from  tbe  dialysis  tubing  and 
the  exdsed  gal  frsgmanls  were  inserted.  Alligator  ctips  were  used  to  secure  the  ends 
ar>d  2S&65Q  pi  of  TE  was  added  to  eacfi  tube.  Samples  were  placed  In  e gel  rig  and 
run  flor  40  to  SO  minutes  at  SO  V.  Tbe  dialysis  bags  were  rotated  where  the  gels  were 
doset  to  the  anode  and  80  V was  applied  for  20  seconds.  Each  dialysis  bag  was  re- 
examined under  UV  light  to  insure  the  removal  of  all  the  ONA  withih  tr>e  gel.  Samples 
were  pipetted  oulofthe  dialysis  bag  and  Iranslerred  to  a 1.S  ml  lube.  PCR  products 
were  purified  with  a Millipore  30,000  MW  filler. 

DMA  Beouaridino 

Sequencing  reactiona  of  the  double-stranded  DMA  were  conducted  with  primers 
with  an  automated  sequencer  (Applied  Biosystems  model  373A)  at  the  University  of 
Flottda.  ICBR  DMA  Sequencing  Core.  A modifled  Sanger  Method  was  used  lor  DMA 
sequendng  (Sanger  at  al.,  1977). 

LImnoloov 

Water  Colleclioh 

Umnological  analyses  of  the  riverine  syst«ns  were  performed  on  some  of  the 
collecting  sites.  Wsler  temperature  and  dissolved  oxygen  were  taken  orvslte  where  the 
snails  were  located.  Temperature  was  measured  In  degrees  Celsius  using  a small 
alcohol  thermometer.  The  dissolved  oxygen  (DO)  readings  were  performed  with  a 


yplow  Springs  DO  c 


Bdjusled  I 


Collecled  water  samples  were  sloreP  In  BOD  pis 


transported  back  to  the  laboratory  on  lea.  The  BOD  bottles  were  stored  at  4*0  In  the 
aboralory  unb1  the  analyses  could  be  performed.  The  samples  were  analyzed  the 
following  week  In  the  Department  of  Zoology,  University  of  Flonda. 

Water  Quality  Analyses 

The  limnological  assays  that  were  perfonnad  In  the  laboraiory  were  specific 
conductivity,  total  dissolved  solids,  total  alkalinity,  artd  CO?  acidity.  Total  dissolved 

andClesenetal.  (1989).  However,  dte  methodologies  are  repeated  below  as  they 

Spedfic  conducdvlty  was  measured  in  mlcroSTcm  using  a Y-SCT  meter  (Yellow  Springs 

weighed  crucible.  The  water  sample  was  evaporated  in  a drying  oven  at  ZOO’F.  The 


Total  alkalinity  was  measured  by  performing  a lilration  assay  with  0.02N  HCL 
One  hundred  millilllers  of  sample  water  was  placed  in  a daan  EMenmeyer  flask.  Two 
to  three  drops  of  methyl  orange  was  added  to  each  sample  to  serve  35  the  indicator 
The  sarr«)le  was  tilraled  over  a while  surface  lo  delect  any  subtle  color  changes.  The 
0.02  N HQ  was  titrated  until  the  water  solubon  turned  a brassy  pink  color  wftleh 
indicated  an  andpoint  al  a pH  of  4.5.  Total  alkalinity  was  calculated  by  the  number  of 
milliliters  of  0.02  N HCI  multiplied  by  1000  and  divided  by  the  mllliliteis  ol  sample  used 


ngd-ofCeCOi. 
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CaiMr  dioidde  acidity  (COg)  was  measured  by  parformlng  a btralion  assay  witb 
0.02N  h4aOH.  One  nundred  milliliters  of  sample  water  was  placed  In  a clean 
Ertenmeyer  flask.  Two  to  Wee  drops  of  pbenolpbthaleln  solution  was  added  to  the 
sample  to  serve  as  the  indicBtor.  The  sample  was  lllraled  over  a white  surface  to 
detect  any  subtle  color  changes.  The  0 02  N NaOH  was  titrated  QB  the  water  soluticn 
turned  a brassy  pink  color  which  indicated  Ihe  endpoint  at  a pH  of  4.5.  Total  alKellnity 
was  calculated  by  the  number  of  milliliters  of  0.02  N HCI  muldplled  by  1000  and  divided 
by  the  millillteis  of  sample  used  In  the  atrabon.  Carbon  dioxida  acidity  (CO>)  was 
expressed  as  mg/L  ol  CaCO}. 


Statistical  Anaivsa  of  Shel  Characters 


MiStlvarfaia  statistical  analysis  were  calculated  for  the  ten  ESmia  populabons  indicstsd 
by  r*)  m the  MORPH  cokimn  m TABLES  7-11.  Only  twelve  ol  the  eishteen  shel 
vahableswere  selected  for  the  multivariate  analysis.  Canonic^  discdminata  analysis 
(CANDISC)  of  SAS  was  used  to  analyze  the  amount  of  variation  among  the 
populebons.  The  Malahanobis  distance  matrix  generated  In  the  canonical  discriminate 
anelysis  was  used  In  the  cluster  analysis.  The  CLUSTER  procedure  of  SAS  was  used 
to  evaluale  the  Malahanoixs  distance  data.  The  cluster  analysis  used  the  furthest 
neighbor  (COMPLETE)  optian. 

StabsUeal  Analyses  of  me  Mitochorxfnal  DMA 

The  sequencing  data  were  edited  and  aligned  using  Sequencher  version  3.0 
(Gena  Codes  Corp.  1995).  Several  haplotypes  were  resequenced  lo  insure  Ihe 


haplotypes ' 


nS  iwrofludbiltty  of  tha  sequences  Sequence  divergences  belween  tne 
vvere  estimeted  using  the  Klmuie  two  esrameter  model  (Nmura  1980)  wilh 
the  program  package  of  PHYLIP  3.S7  (Falsenslein  1993).  Evolutionary  trees  tvere 
gerteraled  using  the  bra ntfvend- bound  algorithm  of  PAUP  end  the  neghbor-iolning 
method  (SaHou  end  Nel  1987)  of  PHYLIP.  A rooted  parsimony  nehvoik  was 
constnicted  using  a Central  Amedcan  sister  taxon  PtchycMas  obatscus  as  the 
outgroup.  Distsice  matrices  were  calculaled  using  PAUP  and  PHYUP  (Felsenstein 
1993).  A bootstrap  confidence  level  oMOO  replicates  was  used  tosupport  the  nodes  in 
the  neignbor*)oinlng  end  parsimony  approach. 
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lodlcala  »i«ss  sites.  The  numUfS  correspoml  to  the  speOflc  tocallty 
Intcnnatlon  listed  th  Table  S. 
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CHAPTER  3 

LABORATORV  AND  FIELD  RESULTS 

The  analyses  conAjded  for  each  of  the  ma|or  river  dralrteges  within  the  study 
legion  are  summarized  in  Table  12.  The  results  of  the  analyses  are  divided  into  five 
major  sections:  Interspedflc  variation,  iniraspecific  variation,  examination  of  type 
specimens,  species  distnbudon,  and  llmnolagical  analysis. 

IntersoMilic  Vanation  of  the  Southaaslam  Elinva 
Shell  Mofi^iotonical  Analysis 

analyses  In  differentiating  among  the  taxs  (APPENDIX  B).  Seven  populations  were 
species  not  associated  with  the  complex.  Three  populations  used  in  the  analysis 
represented  species  not  associated  with  the  complax  and  were  found  outside  of  Its 
range.  These  species  were  used  as  comparativs  material  for  the  mo^>holaglcal  and 
genetic  analysis. 

The  results  of  the  univariate  analyses  (ANOVA)  showed  that  eleven  of  the 
twelve  shell  variables  examined  were  significanlly  different  from  each  other 
morphologically  with  a p value  < 0.0001.  Hewever,  the  rado,  W/2ndL.  was  si^ficamiy 
differaiHbut  only  at  a p value  < 0.01  fTable  13).  Although  the  p values  were  highly 
signlficeni  lor  all  the  variables,  the  variables  measuring  the  number  of  ribs  and  the 
apeitura  ralio,  ApW/ApH,  had  an  ANOVA  > 0.80.  The  ANOVA  resulU  indicated  that 

populatiotis. 


alysis  (COA)  of  lha  i 


vanadon  among  tne  ten  populaUana  (Table  14).  The  multivariate  F test  slalisdo  of 
Wilk's  Lambda,  Pillai’s  Trace,  Hotellirvg-Lawley  Trace,  and  Roy's  Greatest  Root  were 

tha  CDA  was  able  to  differenliale  among  the  ten  populations  using  rive  morphological 


no  units  of  scale.  Each  canonical  variable  Is  primarily  a measure  of  the  differences 
between  the  standardlaed  coemcients  that  are  farthest  from  zero.  Therefore,  CAN  1 
iwas  determined  by  Ihe  three  underlined  variables  In  Table  IS  (Aperture  Height. 
Aperture  Length,  and  Ihe  Ribs  on  tha  penultimele  whorl).  The  variables  CAN  2 and 

The  results  of  the  CDA  are  Oepidsd  by  Ihe  needle  graph  In  Figures  8A-B.  The 
results  of  CAN  1 indicated  that  Ihe  larger  the  aperture  height  of  the  individual,  tha 
smaller  Ihe  aperture  length.  Also,  CAN  1 was  determined  by  the  number  of  ribs  on  the 

Ihe  negative  end  of  the  CAN  1 axis  have  a lesser  number  of  ribs  on  the  penultimate 
whorl  and  a smaller  aperture  height 

The  variaUa  CAN  2 was  inlluenced  by  tha  variables  measuring  Aperture 
Length.  Aperture  Widlh,  and  the  aperture  ratio,  ApW/ApH.  The  results  of  CAN  2 

Individuals  at  the  positive  and  of  the  CAN  2 axis  had  a greater  aperture  ratio.  The 


Aperture  Hetstit,  and  the  Aperture  Width. 


The  results  of  CAN  3 indicated  that  the  larper  the  secortd  lertsth  and  aperture 
height,  the  smaller  the  total  Shell  Lengih  and  the  Aperture  Widih.  The  variable.  CAN  3 
is  represented  by  the  height  of  the  needle  (Figure  BA).  The  taller  the  needle,  the 
greater  the  value  of  CAN  3 for  that  observation. 

The  Brat  three  canonical  variables  for  each  of  the  indvldual  observations  are 
graphed  In  Figure  BA.  The  results  show  the  Individuals  within  each  of  the  populations 
sampled  cluster  together  except  lor  Bimio  mutabHis.  However,  the  sample  size 
consisted  of  only  six  adulls  which  is  reflecled  in  the  dislribulion  ol  Individusis  within  the 
graph. 

among  the  ten  populalions  by  using  the  populadon  means  (Figure  SB).  The  three- 
dimensional  figure  summertzing  the  data  demonslraled  that  the  taxa  are  differenliated 

penultimate  whorl  (Figure  SB).  The  vanable  CAN  1 was  characterized  by  the 

graph,  EOmia  firmda,  E.  curvicosiala.  Yellow  River  EUmia  ^teOes.  E.  vtennaensis,  and 
E.  mutabiSs  have  a larger  aperture  height  than  aperture  length.  Also,  these  species 
have  a greater  number  of  ribs  of  the  penultimate  whorl  errnra  lailalna,  E.  ucheanais, 
end  the  populations  from  the  Choctawhetchee,  Altamaha,  and  Escambia  have  a 
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Tr>«  souUiesatean  E6mia  can  M also  differemislsd  by  lbs  lota)  Shan  Langtn, 
Second  Length,  Aperture  Height,  and  the  Aperture  Widdt.  The  second  length  depicts 
the  size  of  the  penuittmata  whorl  and  the  body.  Because  the  total  length  of  the  shell  Is 
typically  sutaiect  to  erosion,  Ihe  second  length  was  used  as  a comparative  measure  of 

In  summary,  generalizations  can  be  made  regarding  the  characteristics  of  each 
of  the  populations  using  morphomelrlcs.  The  populations  having  Ihe  greatest  number 
of  ribs  on  the  penuHimata  whorl  were  EUrna  timda,  E.  cuivicoslata.  the  Vellow  River 
ESinia  species,  £ vrlennseoars.  and  E.  mulabilis.  The  other  pcpulatians  exhibited  fewer 

The  morphometric  analysis  showed  that  the  populations  were  also  dlfferenOaled 
by  the  shape  of  me  aperture  using  the  ratio,  ^W/ApL  Elimia  ucheanais  and  Ihe 
Escambia  EHmia  secies  exhibited  a high  ApW/ApL  The  remaining  populations  had  a 
smaller  ApW/ApL. 

shells  The  laigesi  of  the  adult  shells  was  E.  vMnnae/isri  end  E.  mu/aWs.  The 
medlunvsized  adults  consisted  of  populadons  representing  £.  laHaina.  E.  ocheensis. 
Yellow  River  EHmia  species,  Atamaha  River  EOmla  species,  the  ChoctawhaUdtee  Rhier 
Elimis  species,  and  EscamCxa  River  Elimis  species.  The  small-sized  adults  were  £ 
dmide  and  £.  cimieoalaia. 

Cluster  Analysis  usino  Shell  Momholonv 

among  the  10  populations  calculated  by  the  CAD  (TaWe  18).  Using  the  duster  analysis 


B,  Ihe  p^e^ag^ 


Bignbor  option.  Tho  pTionagram 


l>  illustrated  In  Figure  BC. 

The  duster  analysis  Idenlif  ed  two  major  dades  within  the  soutneasiam  spades. 
The  first  major  daOe  Induded  the  Anamaha  populations  (EliMa  rnufabtfa.  £ tnufaMfs 

RlvarBfnva.  This  largerdade  separated  into  three  smaller  dusters.  Eachsmaller 
duster  represented  the  populations  that  were  morphological  similar  to  one  another. 

The  duster  diagram  ndlcatad  that  E.  mutaNM  sstd  E.  vrennaens/s  are  morptwlogically 
similar.  The  next  morpholagically  similar  group  consisted  of  £.  curt^sfala  and  £. 
mufaOPrs  dmrda.  However,  the  morphological  similarity  of  the  Yellow  River  population 
duslered  closest  to  £.  curvicosrefaiE.  Pmisa  . 


The  second  major  dade  consisted  of  the  Altamsha  EBmta,  the  undeserlOed 
Escampia  River  ESma  and  undescrified  Choctawhatchee  EHmia.  Two  smaller  duslars 
were  formed  within  this  major  dads.  The  Escambia  River  Elimla  and  £/rmra  ucfieonsis 
formed  one  duster  end  £.  lailaina  and  the  Choctawhatchee  River  Eema  formed  the 
other  duster.  Hovrevar,  the  Attamaha  EHms  was  morphologieal  similar  to  the  duster 
containing  £.  lai/aina  and  the  Choctawhatdree  £Ma  spedes. 


Table  18.  Pairwise  Distance  Matrar  lor  Cfusler  Analysis. 


112.9  0 

91.65  18.83  0 

ss.oe  54.13  29.54  0 

83.84  211.8  178.2  145.2  0 

85.92  208.5  180.1  147.3  1.69  0 

143.1  61.72  45.11  30.36  213.9  216.03  0 

110.4  3.830  11.78  48.84  188.0  185.85  52  68  0 

11.34  114.8  75.23  48.36  96.28  100.61  131.99  109.11  0 

11.27  106.4  82.25  57.81  77.45  78.19  152.67  101.94  11.22 


V.  Ch9clawfi3tchea.  arid  Apalachicds 


Goodricn  classified  pieuroceria  species  on  die  Pests  of  qualitative  shell 
chaiacters.  Burch  (19B9)  summarized  QoodOdi's  clas^ficetion  Cfeble  5).  Three 
species  groups  horn  Goodrich's  classificalion  were  represented  In  this  SPidy  whk^  ere 
S.  Poyld/Vane  group,  E.  ceifnocosrala  group  and  £.  mulsMs  group.  Goodrich 
constderad  £.  uc/ieensis  and  £ vrarmaensis  morphologically  similar.  According  to  the 
duster  analysis  the  populattons  representing  these  species  occupy  two  different  major 
clades.  Goodnch  also  described  £.  mirfaMis  Omida  as  a subspecies  of  £.  mufaPiM. 

outside  the  dade  containing  £.  mutatHis. 

Analysis  ofTvoas 

reviewed  for  queitrtative  and  qualitative  shall  characters.  Appendix  C lists  the  type 
spades  examined  and  lhair  morphological  measuremants  and  slabstica.  The  type 


pcpulBlians  wKhlr  the  region.  It  Is  unlikely  that  M.  ourvrmsIaM  was  founfl  vdtnir  the 
study  area.  The  next  available  name  resembling  the  wild  populations  Is  M. 

In  this  study,  several  of  the  types  were  noted  to  be  different  age  classes  of  £. 
densicostata.  Malania  danaicostatB,  Goniobasjs  doofyensis,  artd  Gonlobasta  induta 
should  be  conslderad  synonymous  with  E.  dansimalala. 

Genetic  Anahsis  ot  the  Cvtoehrome  oxidase  sut-unit  1 
Seoueftee  DIvemBncs 

The  aligned  C01  gene  sequences  yieldad  a fragment  of  324  bp  that  was  solved 
in  all  samples  The  resulting  sequences  for  13  pleurocerld  taxa  are  defected  In  Figure 
23.  Each  sequence  represented  mitochondital  DNA  from  a single  Individual.  This 
region  of  the  DNA  corre^ionded  to  die  complement  positions  974  and  1298  of 
Dnaophilayakuba  (Clary  and  Wolanstenholme  198S).  The  sequence  comparison 
among  Ihe  southeaslsm  EHijta,  exduding  the  outgmup,  revealed  4 gaps,  76  variable 
sites,  33  transitions,  end  8 dansveriions.  including  the  outgroup  Pachychilua.  the 
sequence  comparison  revealed  4 gaps,  176  variaua  sites,  94  trarrsitlons,  and  28 
trsnsversions.  These  gaps  within  the  gene  segment  will  be  further  examined  upon  the 
sequencing  of  the  complement  strand  from  each  Individual. 

Pairwise  percent  sequence  Oifferencas  are  summarized  In  Table  17.  Maximum 
nudeobde  divergence  within  populations  of  EUmia  ourvwosfaie  was  3%.  Interspecific 
divergence  among  species  ranged  from  9-20K  (E.  curvieoalala  vs.  Escambia  Ehnia.  B: 
E.  l/irada,  £.  laHalna,  £.  Oenloniensia,  £.  Oieiansoni,  E.  oMa.  £.  mulabSia}.  Percent 
nucleotide  divergence  among  plaurocerid  genera  was  27-38%  {BImia  species  vs 


PaelrycKIu 
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yieWed  cami>arsBle  result  Nucleotide  divergence  among  echlnoderm  «>ecies  witnin 
ttie  aama  genus  was  found  lo  be  by  Jacobs  el  el.  (1888)  and  6-193b  by  Uehais 

and  Shingaki  (1985).  However.  Baldwin  el  al.  (1997)  determined  mat  the  nudeoBde 
diyargence  within  the  family  Penaldae  shrimp  was  8-24Sii. 

The  number  of  nucleotide  differences  among  the  aligned  sequences  era  given 

two  individuals  of  PachycfiA/s  obelus  from  the  same  population  were  only  3 base 
pairs.  Interspeoric  differences  among  the  sprecias  were  found  to  be  28-47  base  pairs. 
However,  the  Individuals  representing  the  populations  from  the  Choctawhachee. 
Escambia,  end  Yellow  Rivers  and  Bfmia  oUvu/a  differ  by  only  3-7  bp.  The  nucleotide 
divergence  among  the  genera  was  65-95  base  pairs. 

Relationshios  of  C01  Genotypes 

The  analyses  conducted  by  maximum  parsimony  and  the  neighbor  (Olning 
methods  gave  idenbcal  phylogenetic  trees.  The  phylogenebc  tree  produced  by 
maximum  persimony  had  a consistency  index  of  0 74,  a retention  index  of  0.753  and  a 
homcpiasy  Index  of  0 26  (Figure  23). 

Using  the  outgroup  PachycMus  obeHscus , the  phylogenetic  tree  Indicated  thal 
by  a high  bootstrap  of  100Sb.  The  Altamaha  species  £.  mufabWs  was  distinguished 
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indudas  Mo  major  dades.  Tha  first  major  dada  is  obsarvad  in  the  Florida  Gulf  Coastal 
EUfTva  which  Irtdudad  tha  Choctawhatchaa,  Escambia,  and  Yallow  RIvars.  This 
dadawas  affiliated  with  E.  oDvutaof  tha  Alabama  Rivar  with  a bootstrap  value  of  100%. 
WHhln  Ms  dada.  tha  relationship  amons  tha  Gulf  Coastal  over  drainages  is  supported 
by  vary  low  bootstrap  values  of  S5  and  66.  Tha  relatiorship  remains  metaly 
speculative  untit  this  oan  badarified.  These  values  may  Improve  by  examing  a longer 


dbA/noonf.  and  £.  fimade.  The  node  separating  E.  diclilnsoni  Is  supported  by  a low 
bootslrapveluaof39%.  This  relationship  remains  spaculativs.  The  two  populations  of 
£.  curvn»sfafs  segregate  out  with  a high  bootstrap  value  of  100. 

The  reiadonship  batween  E.  curWcosfala  and  E.  mufaMrs  tmida  Is  supported  by 
a bootstrap  value  of  78%.  TNs  relationship  Indicates  that  E.  emida  of  the  Altamaha 
Rhrer  is  more  doseiy  related  to  £.  carvfcosfaie  than  £.  mutabHie  mulabtOs.  This  la 
contrary  to  studies  by  Goodrich  (1942)  who  had  placed  £.  ftmida  as  a subspedas  of  £. 
mutabihs. 

Lrtraspeeilic  Variation  of  the  Southeastern  Brmra 
Shell  Morphologiraf  Analysa 

Thirty-five  Eftnia  populations  of  species  ware  measured  for  12  morphological 
charaders  vnthin  the  study  area.  The  means  and  standard  deviations  are  indicated  for 

lha  dimensions  measunng  Length  (L),  2nd  Length  (2nd  L)  and  the  spire  angle.  The 
population  means  for  these  characters  were  typically  greater  then  2.0  standard 
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FK3URE  24  Phylogenetic  Relationships  between  the  smooth  sculptured  BMb  species 
in  the  southeastern  liver  drainages.  Maximum  parsimony  was  used  to 
generate  a tree  between  the  thirteen  pleurocerid  taxa.  TTte  analysis 
consisted  of  six  spedee-£  Penton/ens/s,  E dicklnsoni,  E olivu'a.  E 
mulebilis  mulabilis,  E.  m.  limida.  Rve  populations  from  the  Apalachicola. 
Chlpole,  Choctawhatchee,  Escambia,  and  Yellow  Rivers  represented  the 
species-complex.  The  outgroup  used  in  this  analysis  was  Pachychilus 
otaliscus  from  Honduras.  Each  node  Is  represented  by  a bootstrap  value. 
Bootstrap  values  > 50%  are  significant 
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(W),  Aseilure  WkJtti  (ApW),  Aperture  Height  (ApH),  Aperture  Length  (ApL).  VW2rd  L 
and  ApW/ApH  were  1 0 standard  deviation  from  the  mean.  An  exception  was  noted  for 
me  mean  measuring  Width  <W)  for  £.  mutaMis  (AT-es).  The  standard  deviation  for  the 

The  sculpture  oharacteis  thel  guanMied  the  number  of  spiral  chords  and  ribs 
varied  intraspedficallif  and  interspedricaJIy.  Higher  mean  values  tor  this  character  were 
indicated  for  £.  Mennaensis.  E mulabilis.  £.  ucheensis,  and  an  AJIamaha 
avraaspedes.  Lower  mean  values  for  this  character  were  found  in  EHm  taHalna, 
Escambia  ESiria  species.  Bim's  evrmsiata.  E.  f/rnkta.  Intraspecies  variation  was 
greatest  for  E.  vhnnaensis.  E.  mutabHis,  and  Altamahe  EUrna  spedes  regarding  the 
number  of  spiral  chords  located  on  me  body  whorl.  This  character  was  highly  variabie 

in  S of  the  7 p^laSonsof  £ vfennaensis  that  were  quantified  (AP-78,  AP-79,  AP-fi1, 
AP-83,  AP-85).  Because  only  a few  individuals  of  £ mufaUi/is  (AT-96)  could  be 
measured,  me  sample  size  was  not  an  adequate  represenlabon  of  this  spedes. 
However,  iniraspedes  vanabon  was  also  high  tor  this  character  In  Altamaha  EHwia 
species  (AT-102,  nsfS;  AT-103,  ns22)  which  had  an  adequate  sample  size. 

The  number  of  spiral  chords  on  the  penulUmale  whorl  was  He  least  variable 

deviations  of  the  mean.  However,  the  greatest  number  of  spiral  chords  of  me 

chords  were  for  Escambia  EJiiria  spedes  and  £ curvfeostafa. 

The  number  of  ribs  varied  wHhln  and  among  the  spedes  groups.  In  Esoampia 
EUrna  spedes  (ES-19,  ES-23,  ES-31),  Chpciawhatchee  EBwIa  species  (CH-38.CH-41), 
£ mof8b®s(AT-95),  £ tirrida  (AT-96,  AT-97),  and  Altamaha  EBma  spades  (AT-103), 


I (AP-T2),  £.  vten 


iBUmiat 


lO  (CH-44, , 
9,  AP-79), « 


nnaensis  (AP'70,  AP'TB,  AP-79),  we^e  somewhat 
a.  The  tuml>er  of  rlDs  Is  not  a rsIrablB  character  in  dlflarantiatlns  among 


The  results  show  that  the  southeastern  EUmia  exhibit  a high  degree  of 
intraspedflc  varisDility  of  certain  shell  characters  such  as  spire  angle  and  the  number  of 
ribs  and  spiral  chords.  The  findings  on  mtraspecilic  vaiiability  are  similar  to  the 
morphological  results  of  other  studres  on  Srmra  species  (Chambers  1961 ; Dillion  and 
Oavis  1980).  SMar  morphologicai  results  reganding  the  vsnability  of  the  spire  angle 

(Cheatum  and  Mouzon,  1934;  Oavis  1969;  Dillion  and  Davis  19B0;  Ofillon,  1984). 

SoBoes  and  mar  GeoQfaphle  Distribution 
The  smooth  sculptured  EUntia  species  mthin  each  of  the  river  drainages  are 
morphologlcaUy  and  genetically  distinct  Each  species  Is  restricted  to  a single  rtver 
drainage  system  except  for  £.  Oensicosfsfa  (s£.  curvfcoslala)  «nch  inhabits  the  Rint 
and  Chipola  Riveis  and  their  tributaries  of  the  Apalachicola  River  system.  Also,  this 
species  iriiabita  die  lower  end  of  the  Choclawhatchee  River  and  its  tributaries  In 
Florida,  which  include  Holmes  and  Wrighls  Creeks. 

Other  species  Inhabiting  the  Apalachicola  River  drainage  are  £«mra  dickinmn. 

E ue/ieensrs  and  £ vfennaensft.  Bmia  diekinsonl  occurs  the  lower  Chootawhatehoa 
River  and  lls  tributaries  In  FlorjOa.  Also,  this  species  is  found  wilhin  the  Ctxpola  River 
end  Ks  tributaries.  Ekmia  ucneenrS  is  coridneO  to  the  U(P>ee  Creek  system  of  the 
Chattahoochee  River.  BVnre  vidnnaanals  is  conlinad  to  the  Flint  River  and  its 


tributaries. 


adwat«rs  of  the 


Floride  Gulf  Cceslal  rivers.  One  species  is  loceied  in  the  Escambia  River  system  and  is 
identified  as  0/rrva  species  "A*.  The  other  species  is  found  in  the  upper 
Choctawhalchee  River  and  Uthbulanesin  Alabaina.  This  ^>ecies  is  identified  as 
EUrnia  species  *B'. 

Three  smooth  sculptured  EUrnie  species  are  found  within  the  AHamaha  River 
system  of  eastern  Georgia.  EHmia  and  an  undescribed  species,  EUwia 

species  'C,  were  found  m the  headwaters  of  the  Oconee.  EHmk  brnds  was  found  in 
the  headwaters  of  the  Ocmulgee  River. 

Limnoloaical  Analyses 

ESmla  within  the  study  region.  Temperature,  conductivity,  dissolved  oxygen,  addity, 

taken  are  listsd  in  Appendix  0.  The  limnologioal  oondibons  are  summartzed  for  each 

Walar  temperature  vaned  wIBiin  the  streams  surveyed.  EHmie  were  found  In 
streams  with  temperatures  ranging  from  12-25*0.  Other  studies  have  reported  similar 
temperature  ranges  from  streams  inhabited  by  EBmia.  Ourirtg  a yearly  survey  of  a 
tributary  of  the  Cahawba  River  system  in  Alabama,  Ross  and  Ultsoh  (1980)  recorded  E. 
cahawPansrs  and  £.  cannitem  occupying  streams  with  a tempeialure  range  from  12- 
24*C.  Their  study  also  shewed  that  certain  sites  within  a single  tributary  remained  near 

between  extreme  temperatures.  Ross  and  Ultsch's  study  (1980)  demonstrated  that  the 
chemical  and  physical  conditions  within  a single  stream  are  not  homogenous.  Another 


9USy  conduetM  By  Blair  and  Sickal  (1986)  survayed  £/im'a  (°Qonlotesls)  laduean  in 

irtdicatad  Uia  snails  wars  occupying  tributaries  at  cooler  temperatures  (15-19X). 

Conductivity  v^ues  pertaining  to  sites  innabiteO  by  £0mra  were  dmded  into  rour 
categories-hign.  moderate,  low,  and  variable.  High  conductivity  readings  were 
recorded  horn  streams  inhabited  with  £.  posleHr,  Etmie  species  ‘A’,  and  £.  Amide  The 
higher  conductivity  values  (>  lOOmicroSicm)  were  also  indicallve  of  springs.  Some 
populaBons  of  E.  danslcoslala,  EHwia  specleB  ‘A*,  E.  lailaina.  E.  tmide,  and  E.  poslaSi 
were  found  near  springs.  However,  their  distribution  was  not  limited  to  springs.  Low  to 
moderate  conductivity  values  (30-9S  microS/cm)  were  recorded  for  E.  banlonieralz,  E. 
denchi,  E.  dcJdnaonl , E.  imtabiKs.  Elimie  species  *C,  E.  ucheensis,  and  £ 
vlannaantls.  Conductivity  values  that  were  found  to  be  highly  variable  Irt  streams 
inhabited  by  £ dansKostata,  EHmia  species  *A‘.  and  £ fairaina. 

OissOved  oxygen  (DO)  was  found  to  vary  wilhin  the  streams  iratabited  by  Elina 
within  the  region.  Species  found  in  streams  wtth  lower  levels  of  DO  (5-6.5  ppm)  were 
£ denctil  and  £ dictohsonr.  Eliinia  mutabilia  and  £ viennaansis  were  recorded  from 
streams  wIBi  modeiBle  DO  readings  (8-9.S  ppm).  HigherDO  levels  (greatarthan  10 
ppm)  were  noted  In  streams  inhabited  by  £ bantoniansis,  £ posfe/ft  ESma  species 
‘A*.  ESna  species  'C,  £ laOalna,  and  £.  ucheensis.  EUna  Oansicoslala  was 
recorded  In  streams  wtth  the  most  variable  range  of  DO  values.  Because  DO  Is 
raculred  for  aerobic  respiialian,  it  is  one  of  the  more  Important  factors  dictating  dte  snail 


■t.  Ros«sndUltsch(1980>diacoversdth8tDOI«v«ls 


MViln  a stream  fluctuaiad  throughout  the  year.  Also,  the  lower  00  levels  were  reported 
from  streams  during  the  winter  months. 

Other  studies  measuring  the  DO  levels  ol  streams  inhabited  by  EliVnia  have 
revealed  similarresutts  In  their  analyses.  Ross  and  Ultsch  (1S80)  recorded  DO  from  5 
to  12  ppm  In  Tennessee  streams  Inhabited  by  £Bma.  Dazo  (1S69)  recorded  00  levels 
ranging  frorn  17.63  to  53.86  ppm  In  areas  within  the  Great  Lakes  region  populated  by 

Addity  levels  recorded  from  the  streams  within  the  region  ranged  from  low  to 
variable  depending  on  the  species.  Low  acidity  values  (0-20  mgl  CaC03)  were 
recorded  In  thbutaries  occupied  by  f.  benror»ens's.  £.  daneN,  E.  denslcostala.  E. 
mOaMis,  E.  Urnkla  and  £.  uchaensis  An  addity  value  of  0 m>L  (Table  19)  indicated 
the  stream  had  a pH  graaterthan  8.3.  Streams  occulted  by  £ posfeffi,  Ebnis  species 
‘A’.  EtMa  spades  ‘C,  and  £ lailaina  were  shown  to  be  highly  variable  in  their  acidity 
levels.  Addity  measurements  were  not  reported  within  the  other  SrrtSa  etudles. 

Alkalinity  levels  varied  amortg  ihe  Ellmia  spades  surveyed.  Low  levels  ol 
alkalinity  {<  40  mglL  CaC03)  were  rwted  from  tributaries  Inhabited  by  £ banUmianas, 
£Ma  spades  *C*.  £ uchaensis,  and  £ vrenneens/s.  Moderate  levels  of  siksdinity  (40- 
60  ingll.  CaC03)  were  recorded  Irom  streams  Inhabited  by  £ cfaoehi  and  £ didmsoni. 
The  alkslinity  analyzed  from  streams  Inhabited  by  £ aensfcosfare,  Elmia  species  'A', 


Simitar  alkalinity  levets  were  reported  from  northern  Alabama  streams  by  Huryn 

at  al.  (1984)  ranging  from  17-111  mg/LCaC03.  Also,  Blair  and  Sickel  (1880)  recorded 

shallhlty  levels  at  concentrations  greater  than  80  mg/L  CaC03  for  thbutaries  of  the 
Cumberiand  and  Tennassee  Rivers  occupied  by  ElMa  (=Son/o6e»s).  Their  study  took 


I September.  On  the  contrary,  Shoup  (1943) 


tocordeP  alkellnity  concentrations  from  5-220  mpit  CaC03  within  the  Tennessee  and 
Cumberland  Rivers  populated  by  EUrna  (^GoniobssrS).  Shoup's  results  were  taken 
during  the  summer  months  within  a lour  year  period. 

The  pH  ol  rivers  was  also  measured  at  each  location.  Stream  pH  ranged  from 
5.95  -6.84.  The  site  with  the  lowesi  pH  was  found  in  a tributary  of  the  Sapulga  River 
inhatxted  by  BUnia  species  'A*.  The  locality  site  wilh  lha  highest  pH  measured  within 
this  analysis  was  recorded  for  £.  dansKoalaa  (pH  8.3)  in  Merritl’s  Mill  Pond,  a Ang- 
led pond  of  the  Chipola  River.  Other  studies  have  reported  similar  pH  levels  of  streams 
Inhabited  by  Bmrs.  Daa>  (1969)  recorded  Elima  (=Gonlobasis)  from  tributaries  within 
the  Great  Lakes  region  having  a pH  range  of  7.S-B.6.  Houp  (1961)  recovered 
Beuroeera.  another  pleuroceriO  genus,  living  in  Kentucky  streams  with  a pH  of  6.8  to 

Dissolved  solidB  were  measured  from  all  water  samples.  The  resutts  from  the 
water  samples  ranged  from  low  to  high.  Thie  highest  amount  of  dissolved  solids  were 
recovered  from  sites  inhabited  by  Elimla  posteH  (0.34  g)  and  E.  Emida  (0.36  g)  within 
IheAllamaha  River  system.  Moderate  amounts  of  dissolved  solids  (0.14  g)  were 
recovered  from  the  lower  Choctawnatchee  River  inhabited  by  E.  cfenchi.  The  towest 
amount  of  dissolved  solids  was  repotted  from  sbeams  populated  by  £.  densfcosfsle,  £. 
awohsonr.  ESmia  species  -A',  £/imre  spades  'C',  £.  ter/erha,  and  £.  oefieensis.  Ho 
dissolved  solids  were  measured  from  the  locations  inhaWted  by  £.  benfoniensis  and  £. 


CHAPTER  4 
5YSTEMATICS 

GoMrtch  proposed  the  cutrenUy  accepted  daMiflcatian  ot  Elimia.  The  species 
of  ECtnta  (e6on/oPes>s)  were  segregated  into  21  species  groups  on  the  basis  of 
omamentalshallsculptur8(Goodhch19J4b,  1934c,  1935a,  1935b,  1937b,  1938, 1941, 
1942, 1944;  Burch  1982, 1989).  Ha  facilitated  this  scheme  by  selecting  a single 
sculpture  feature  that  was  shared  by  species  tnat  had  Ihe  same  moipholaglcal  state 
However,  the  cnterlor  of  morphological  stale  was  ovar-simplified  within  the  groups. 

EHwia  euntleoslaa  was  assigned  to  the  'carMocoafafa’  species  group  by 
Goodrich  <1942)  on  the  basis  of  having  plicate  (vertical  rtbs)  shell  sculpture.  Members 
of  the  'cerinocoafera*  group  Include  £.  eannocoafala,  E.  benloniensis.  E.  indufa,  £ 
curvtasfafa  and  £.  tfcMnsoni  (Goodrich  1934c,  1941, 1942, 1944;  Clen<»i  and  Turner 
1956;  Burch  1989) 

The  geographic  disvibutions  of  the  species  groups  within  Goodrich's 
classifioalion  system  were  also  disparate.  The  distribution  of  the  fhra  species  within  the 
•cannoecstafa'  ^>ecies  group  occupy  three  different  river  drainages.  £4me 
eartmxoslala  and  £.  Penroniens/s  occur  In  the  Coosa  River  system  outside  of  the  area 
of  this  study.  A current  invesligalion  of  this  group  by  F.  G.  Thompson  indicates  that 
these  two  spades  are  not  relaled  to  £.  corwcsfare  and  have  difterent  juvenile  shell 
morphologies.  Bfrnre  dKhnsoni  and  £ ■eurvrcosfala’  Inhabit  the  lower  Wbutarles  of  the 


Choctawhalc^M  and  Cnpola  Rivers  of  tne  Apalachicola  River  drairrage  syatstn. 
According  to  the  literature  (Goodrich  1942:  Burch  1962, 1989),  Effma /nOufa  Inhabits 
the  Rim  River  thbutariee  oMhe  Apalachicola  River  drainage  system. 

The  mutabllis  species  group  Is  also  addressed  In  this  study.  This  group  Is 
relevam  because  Goodrteh  referred  to  the  populations  from  the  Choctawtiatchee  and 
Escambia  Rivers  as  BRma  mutabilis.  The  'mutabilis'  group  consisted  of  E mutab^ 
mulatHbs,  £.  mulabHis  (irredus,  and  E.  laitaina.  (Goodrich  grouped  these  species 
together  because  of  their  numerous  shell  stnae  (spiral  strialionB)  and  simriar  obese 

The  issuits  of  this  study  confinn  diet  there  Is  not  a morphoioglcal  or  genetic 
basis  for  the  affinities  of  the  species  that  Gcodricn  placed  In  the  ‘cannoeoatala’  or  the 
'mulabrlrs'  species  groups.  The  approach  of  the  present  study  is  to  review  the 
tamnoiTK  names  of  the  species  related  to  Elimla  'eun/ieostala'  as  defined  by  earlier 
authors.  SheB  morphological  characters  of  the  type  specimens  will  be  discussed  and 
how  the  types  compare  to  die  currem  populations  wltNn  the  Gulf  Coastal  drainage 

(Overview  of  me  Gulf  Coastal  fauna 

This  study  demonstrates  that  the  name,  Melania  eurvicbstala  Reeve  1861,  has 
been  misapplied  to  the  species  found  Mithm  the  Gud  Coastal  drainages.  None  of  die 
population  samples  from  the  region  resemble  the  three  syntype  specimens.  A dose 


indicates  that  an  important  feature  of  die  sheO  sculpture  that  was  overtooked  or  omlded 
from  the  ori^nal  description  by  Reeve  (1SS9-1861)  and  by  subsequent  authors.  Also, 
die  figured  specimen  in  Reeve  (1861)  Is  generalized,  and  does  not  ej^ar  to  be  any  of 


indsad  spiral  striations  that  i 


I three  syrttypes.  This  sculpture 


is  characteristic  only  to  papulations  of  the  species  group.  Elina  edganena,  occurring  In 
the  Tennessee-Ohio  River  drainage  system. 

The  next  availaPle  name  wllhin  the  literature  that  most  closely  resembles  the 
populattons  within  the  Quit  Coastal  region  Is  Melania  densieoslata  Reeve  1861, 
originally  described  from  'Flonda'.  This  name  has  been  considered  a synonym  of 
'cvrvicosiBla'  byTryon  (1S83-188S;  1873)  and  subsequent  authors.  Popdebons 
strongly  resembling  the  types  of  'denilcoalala'  are  toimd  within  the  Chipola  and  Fllni 
Rivers  ol  the  Apalachicola  River  drainage  system.  The  type  locality  for  'densrcostafs' 
is  here  restricted  to  the  Chipoie  River  at  Marianra,  floiida  Uanarne  Is  a long 
established  Flonda  city  dating  back  to  when  'densicostels'  was  descried.  TTU  town 
was  situated  on  the  only  major  road  in  western  Flortda  at  that  lime. 

This  invesbgaOon  aso  recognizes  as  two  synonyms  of  the  name  EHmia 
dansieoalata-Soniobaeis  indula  lea  1862b  and  GorVobasIs  doo^ensis  Lea  1862b. 
Both  of  these  spedes  were  descnbed  from  tnbulenes  of  the  Flint  River  near  Vienria. 
Georgia.  Careful  analysis  of  the  G.  induia  and  G.  Ooolyensis  indicate  that  they  are 
based  on  diflerem  age  desses  of  the  species  E.  aensieoatala. 

GoniBbasis  eWofS'Lea  1882b,  G.  gesnsrf  Lea  1868b,  G.  inoseulala  Lea  1862b, 
G.  rncAnens  Lea  1se2b,  G.  ircfteensis  Lea  ise2b,  end  iWelsnia  mootofa  Lea  164Saie 
dearly  not  synonyms  of  Elina  euryicBstata.  Goniobaaia  incSnans  resembles  E. 
doridenas  which  is  found  In  the  SL  John’s  River  and  Quit  Coastal  livers  of  Florida. 
Contrary  to  allocations  by  Chambers  (1990)lhe  remaining  names  belong  to  the  spedes- 
group,  £.  boyldniana  ol  the  Cnstiehoochee  River,  and  not  dosely  related  to  E. 
densicosfsta.  The  'cuivicostata'  complex  also  contained  £.  vrertrteertsrs,  a spedes 
restricted  to  upper  Rint  River  and  Hs  Irfbulanes  within  the  Apalachicola  River  drainage 


as  a separata  species  (unpublished  data). 

In  cortduslon.  five  species  of  this  species-complex  occupy  the  Qulf  Coastal  river 
drainages.  These  are  Elimia  densicoslela,  E.  <tckinsoni,  E.  viennaerais,  and  two 
undescn'bed  spades  (Table  20).  The  Hint  River  species,  E.  indufa  and  C.  doofyensis, 
recognized  as  disUnet  spades  by  Goodrich  (1942)  and  Burch  (1982. 1989)  appear  to 
be  populations  of  E.  damleostala.  Elirnia  dielonaoni  is  a distinct  species  and 

syslein  is  also  a member  of  this  species  group. 

Synopses  ol  the  Gull  Coastai  Rivers  Soeoes 

EMa  dansiccstaia  (Reeve  1361) 

UNIQUE  FEATURES.-Lateralprprile  o/rhe  spirais  convex  In  ouffioe.  Colume«aia 
stialghi  to  slightly  convex  in  fmnlel  view.  TAe  first  posr-embo'rbrMc  wiicd  has  a strong 
Carina  located  above  the  periphery . Kbs  begin  on  the  3rd  Juvenile  wAori.  The  width  ot 
the  ribs  Is  strong  end  pronounced  (similer  to  E.  viennaensis). 

ADULT  SHELL  (Figure  10).-The  periostracuin  varies  trom  olive  green,  darx  brovm  to 
golden  brown.  Some  populations  have  banded  shells.  ITis  color  of  the  bands  range 
from  darx  to  reddish  brown.  The  shape  of  the  shell  Is  elongate-canical.  T)ie  lengih  of 
the  adult  shell  tenges  (Fom7.2-19.S  mm.  The  apex  of  the  shell  Is  eroded  from  most 
Individuels.  The  remaining  number  of  whorls  varies  from  3-7.  In  lateiel  prone,  the 
spire  Is  slightly  convex.  The  suture  between  the  whorls  Is  deeply  impressed,  but  there 
Is  IHtle  Indication  of  a shoulder  below  the  suture.  The  mecrosculpture  consists  of 
carinae.  vertical  nbs.  spiral  chords,  and  icngiludlnaliy  growth  striations  The  verboal  ribs 


ulOrnatev/hwI.  The  ribs  vary  from  Ming  slraignt  10  slightly  i 


of  the  ribs  are  strong  and  pronounr»d.  The  width  between  the  ribs  varies.  Thfri  spiral 
chorM  exist  at  or  above  the  periphery  of  whorls  of  the  spire.  The  nombar  of  spiral 


chorM  on  the  penultimate  whorl  vanes  from  1*3.  Additional  spiiel  cfrords  exisi 


above,  or  below  the  periphery  of  trie  body  wtiori.  The  number  of  spiral  chords 


body  whorl  varies  from  1-7.  Ineramanlal  growth  striations  are  apparent  on  an  the 
whorls.  Some  individuals  Lech  spiral  chords.  Also,  earlier  whorts  have  decussate 


striations  similar  to  a checker  board  pattern.  The  aperture  Is  ovate  in  shape.  In  lateral 
view,  the  outer  lip  Is  sJignUy  curved.  The  base  of  the  aperture  extends  as  a tongue-ilke 
protRislon.  The  columella  may  be  siraigm  or  slightly  convex  in  frontal  view  and  convex 
In  lateral  <riew.  At  the  bottom  of  the  aperture,  the  basal  lip  Is  slightly  reflected 


JUVENILE  SHELL.'-The  embryonic  ^orls  are  eroded  from  most  specimens  The  first 
post-embryonic  whorl  has  a strong  carine  or  keel  located  at  the  top  of  the  whorl.  This 
Carina  drops  to  below  the  periphery  in  the  remainder  of  the  whorls.  The  first  three 
epical  whorla  have  a pitied  but  glassy  appearance  Cannae  on  trie  later  wriorfs 
becomes  spiral  criords.  Ribs  may  appear  on  die  third  whorl.  Decussate  sculpture 


is  i!  pjjil  \i  I f ip  f |{  fij j 
i i!  iHlItls  I I il!  i ll  ilip. 


MATERIAL  EXAMINEO.-The  l 


I In  Appendix 


DISTRIBUTION.-Tl^e  spades  is  found  in  the  Chipola  River  and  its  tnbutarfes.  It  Is  also 
louod  in  the  Uibutanes  of  the  Apalaohicoia  River  In  Florida,  and  in  the  tributarlea  of  the 

HABITAT.-Snsils  are  found  burrowing  through  sand  and  siH  and  attached  to  limestone 
substrata,  aquatio  vegetation,  river  debris,  rocks,  and  bhdge  pilings.  The  tributariee 
vary  in  size  from  3-50  meters  in  width  In  a moderately  fast  current  The  water  may  be 
dear  or  stained  tiglit  brown  by  tannins. 

£«<r*adietoVtsan/(Oench8ndTumef,  1956) 

UMIQUE  FEATURES.-Rrbs  are  extremely  fine  ana  retrocurvea.  RJbs  origlnele  ana 
lenninale  at  the  sulurea.  In  laleral  profile,  the  spire  is  slightly  convex  to  straight.  In 
Ironlelvlevr,  a distinct  parietal  rxPvs  is  apparent  Inlateiat  tiew  theoutarlipis 
reheetea.  At  the  fcurth  poa-empryonjc  whorf,  an  unaulating  spiral  chord  develops 
above  the  periphery. 

ADULT  SHELL.  (Eiguro  ZSJ-The  perioslracum  may  ba  dive  green  to  golden  brown. 
Some  populations  have  banded  sttdls.  A single  yellow  band  when  present  Hes  below 
the  suture  Occasionally,  other  dark  brown  bands  may  be  present.  The  shape  of  the 
shell  is  elongate-conical.  The  length  of  adult  shells  range  from22.2-29.0  mm.  The 
apex  is  often  eroded  from  moat  individuals.  The  remaining  number  of  whorls  varies 
from  6-8  In  laleral  profile,  the  spire  is  very  slightly  convex  to  slraighl  The  suture 


I shoulder 


extremely  I 


width  between  the  ribs  ie  one-fouith  the  iensth  of  the  rb.  Spiral  chorda  on  the 
penuittmale  whorl  range  trom  2-S.  These  chords  exist  at.  above,  or  below  the 
pei^hery.  Spiral  chords  on  the  body  whort  range  from  1-9  and  ara  located  at,  above, 
or  below  the  periphery.  Gtowth  atriatians  are  apparent  on  all  the  whorta.  tTie  aperture 
ia  ovale  In  shape.  Inlateral  view  the  outer  lip  is  slightly  curved  and  reflectad.  Inthe 
frontal  view,  a disbnct  parietal  callus  Is  apparent  The  columella  is  moderately  convex 
or  straight  The  base  of  the  aperture  extends  forward  as  a tongua-like  projection. 

JUVENILE  WHORLS.-The  embryonic  whons  are  eroded  from  moat  specimens.  A 
Carina  tlevelops  at  the  periphery  of  the  second  post-embryonic  whorl.  At  the  fourth,  an 
unOulatino  spiral  chord  develops  above  the  periphery.  Also,  the  InrOal  carina  migrates 
below  the  periphery.  Two  cahns  appear  below  the  pehphery  on  the  WUi  whorl  with  the 
same  undulating  appearance.  Ribs  appear  between  the  fourth  and  sixth  whorl. 

MATERIAL  EXAMINED.-The  material  examined  fs  listed  In  Appendix  A. 

DISTRIBUTION  -This  species  inhabits  the  tributaries  of  Ihe  ChoctawhstiSiee  River  In 


iCraeiii 


righls  Creek. 


HABITAT.— Snails  ^ 


substrata,  aquatic  plants  rs«r  dabns.  roots,  or  brkiga  pHings.  The  streams  ranged  fram 
3-30  maters  in  width.  This  spades  occupies  streams  tanging  from  a slow  to  a 
moderately  fast  current.  The  water  was  clear  or  stained  brown. 


Ebmia  mnnaensls  (Lea  16S2) 

UNIQUE  FEATUR ES. -Carina  on post-emb/yo/MC  whodiocated  beiow  the pMptnry, 
Ribs  apoasro/7  the  iWipost-embryonrc  whorl  (simiiartoEllmia  species  'A").  Two 

orsinighi  and  is  tNchaned  near  Us  base  Rits  are  strong  and  pronouncad  (sinOarlo 
E.  densieoslala). 

ADULT  SHELL  (Figure  22).-The  perlostracum  maybe  olive  green  or  dark  brown  to 
golden  brown.  Some  populations  have  banded  shells.  The  color  of  Ihe  bands  ranges 
from  dark  red  to  reddish  brown.  The  shape  of  the  shel  is  elpngate-conical.  The  length 
of  adult  shells  ranges  from  10.9-22.4  nun.  The  apex  Is  often  eroded  from  most 
individuals.  The  remaining  number  of  whorls  varies  front  4 to  7.  In  lateral  profile,  the 
spire  is  slightly  convex  In  ouDine  The  suture  between  the  whorls  Is  welt-defined. 
However  there  is  little  indication  of  a shoulder  below  the  suture.  The  macrosculpture 
consists  of  cadnae,  ribs,  spiral  chords,  and  growth  striaBons.  The  penultimale  whorl 
has  10  to  22  ribs.  The  nbs  are  strong,  pronounced,  and  retrocurved.  Spiral  ehonla  on 
the  penultimate  whorl  range  from  1-5,  These  aiords  exist  at,  above,  or  below  Ihe 
panphery  of  the  penuftimala  whod.  Spiral  chords  on  the  body  whort  range  from  3-11. 


Ibodywhon.  Growth sthalions 


apparent  i 


whoAa.  The  apartuts  is  elltptical  In  snaps,  tn  lateral  view  the  outer  ip  is  sligntty  curved 
(m  the  figured  ^lecimen.  the  lip  is  slighlly  fractured;  the  longitudinal  growth  sthstipns 
hast  Indicate  the  direcsiort  of  the  curvature).  In  the  frontal  view,  the  columella  Is 
moderately  convex  or  siraigrtt  end  Is  thldterted  near  Its  base.  In  the  sub-aduHs,  the 
aperture  Is  ovale  In  shape.  Tlw  base  of  the  aperture  extends  forward  as  a tongue-like 
projection. 


JUVENILE  VtfHORLS.-The  embryonic  whorls  are  eroded  from  most  specimens.  The 
first  post-embryonic  whorl  has  a strong  carina  or  keel  located  b«ow  the  peripheiy  of  the 
whorl.  Two  carinae  appear  on  the  third  whorl.  The  first  three  apical  whorls  have  a 

whorfs  becomes  spiral  chords.  Ribs  appear  on  tite  fifth  whorl.  Decussate  sculpture 
becomes  apparent  on  the  third  whorl. 

MATERIAL  EXAMINGD.-The  material  examined  is  listed  In  Appendix  A. 

OISTRIBUTION.-The  species  is  found  In  the  upper  Flint  River  and  its  tributaries. 

HABITAT.-Snalls  were  found  burrowing  through  sand  and  sllL  and  also  found  attached 
to  river  debris,  rocks,  and  bridge  pilings.  Stream  width  vras  from  8-100  meters  with  a 
eurrenl  The  water  was  clear  or  stained  light  brown 


stay  last  r 
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EHmia  species  "A'  MS,  rww  spedes 

UNIQUE  FEATURES.-AH  adu/1  shells  ara  handed  wHh  the  first  band  being  yeSow  and 
the  second  band  berng  reddish-brown.  The  first  post-embryonic  whod  rtas  a strong 
earina  enksel  fpc«md  below  the  periphery  of  the  whorl.  Aduh  shells  typicallylackrtbs, 
the  aperture  is  shghtly  concave  Hi  lateral  profiie.  Fibs  are  Itw  and  retrocurved. 

ADULT  SHELL  (Figures  26A-S).-Tha  perlostrecum  ranges  from  dark  brown  to  golden 
brown  Most  Irtdividuals  Nave  bended  stiells.  These  bends  are  also  visible  on  die 
panatal  wall  of  the  aperture  The  color  of  Ihe  bands  range  trom  dark  red  to  reddish 
brown.  All  specimens  have  Mo  distinct  bands  that  appear  below  the  suture.  The  first 
band  is  yeiow  and  the  second  band  is  a reddish-brown.  The  shape  of  the  shell  is 
elongate-conical.  The  length  of  die  adult  shell  Is  from  13.6-2e.1  mm.  The  length  is  4 to 
7 whorls.  In  laleral  profile  the  spire  Is  sGghUy  convex  in  oudine.  The  suture  between 
the  whorls  IS  well-defined.  There  is  little  indication  of  a shoulder.  The  macroseulplure 
consists  of  carinae,  ribs,  spiral  chords,  and  growth  sdlations.  Some  spedmens  have 
faint  undulating  ribs.  Howrever,  the  raa)orlty  of  adult  shells  do  not  have  this  character. 
Ribs,  when  presenl  are  low.  and  redocurved.  Thin  spiral  chords  exist  below  the 
periphery  of  each  whorl.  Growth  slnallons  are  epperent  on  all  whorls.  There  is  a tent 
Nnt  of  a decussate  sculpture  on  Ihe  apical  whorls.  The  aperture  is  eilipbeal  In  shape. 
The  aperture  is  slightly  concave  m lateral  profile.  Because  the  figured  specimen  is 
sli^dy  fractured,  the  kmgitudinal  growth  sdlations  best  Indicate  the  diracton  of  the 
curvature.  In  frontal  view,  die  columella  Is  moderalely  convex  to  straight  with  a 
thicxening  near  Hs  base.  In  the  sub-adults,  the  aperture  Is  ovate  in  shape.  The  base  of 
the  aperture  extends  as  a tongue-Jike  projection. 


JUVENILE  WHORLS.-T 


first  post-emDryonlc  whorl  has  a shong  carlna  or  keel  localeo  below  Ihe  pehphery.  Two 
caiinae  apwar  on  the  third  wnort.  The  first  Uvee  apical  vrhorls  have  a pitted 
appearance  This  condlbon  Is  apparent  up  to  the  sixth  whorl.  Caiinae  on  Ihe  later 
wnons  become  spiral  chords.  Ribs  may  appear  on  Ihe  Tifth  whorl.  Decussate  sculpture 
becomes  apparent  on  the  third  vmoit. 


MATERIAL  EXAMINED.-The  maleiisi  examined  Is  listed  in  Appenix  A. 

DISTRISUnON.-The  spedes  1s  found  In  the  Escambia  River  system  drainage,  north  of 
the  Alabama  State  Une,  mcSuding  Big  Escambia  Creek,  end  Ihe  Sepulga  River  end  the 
Conecuh  River.  Populations  that  Nslorically  Inhabited  the  Escambia  River  In  Florida 
have  been  extirpated  (Clench  and  Turner  1956). 

HABITAT.-Snalls  ware  found  bunowing  through  sand  and  silt  and  attached  to  aquabc 
plants,  limestona  substrata,  rivar  debris,  rocks,  and  bridge  pilings.  The  tnbularies  vary 
in  sisa  from  3 to  SO  meters  In  <M0(h  a mpderalaly  fast  currenL  The  vrater  was  clear  or 


UNIQUE  FEATURES.- The  lalefal prolSe  Of  lAa  spire  is  sUghlly  eoneavo.  The  cePna 
Peginsonlftesecondposf-e/nbryonfcwftorfOe/owfhepenpheiyofwnorf.  TTie 
shoulder  of  each  wAorfsiopesaf  about  20  d^tees  (similar  foE.  mutabllls).  The 
columePa  varies  ftom  being  sUgntly  Mitlea  lo  straighl. 


anges  from  g;Me 


ADULT  SHELL  [Figuras  26A*B}.-The  ctfor  of  IHe  penostracum  ra 
brown  to  olive  green.  Some  p^lations  have  dark  to  reddish  brown  bands  ort  the  spire 
and  body  whorl.  The  shape  of  the  shell  is  elongeteoonicaJ.  The  apes  of  the  shell  is 


usually  eroded  leaving  3-7  whorls.  The  length  of  adult  shells  ranges  from  e.2-23.2  mm. 
The  spire  is  sUghOy  concave  In  profila.  The  suture  is  well-develaped  between  each  of 


the  whorts.  The  shoulder  of  each  whorl  slopes  downward  at  about  20  degrees 
Mscrosculpture  consists  of  cartnae.  spiral  chords,  ribs,  and  growth  sthaUons.  The 


eartna  surround  the  whorl  dose  to  the  sulure.  The  carIna  of  the  upper  whorts  increases 


in  size  as  a spiral  chord  In  older  whons.  Some  specimens  have  sTightly  noticeable  ribs 


pronounced  lhan  the  hbs  of  species  'A*.  The  aperture  la  elllplical  In  shape.  In  lateral 


JUVENILE  WHORLS.-A  Carina  begins  on  the  second  pdsl-ambtyonlc  whorl  below  the 
post-embryonic  whorl  has  a glossy,  but  pftled  appearance.  Deccusale  sculpture 


MATERIAL  EXAMINED.-Tha  materiel  examined  Is  listed  In  Appendix  A 

DISTRIBUnON.-This  species  is  ioceled  in  the  upper  Choclawhalchee  River  end  Its 
Iributanes.  This  species  Is  also  found  In  Murder  Creek,  a tributary  of  the  Yellow  River. 


HABITAT.-Snails  wen  found  burrowing  through  the  esnd  and  sill,  and  also  attached  to 


spades  in  the  Anairtana  River  syslenv-Efiinta  imtabila.  E.  Arnda,  and  an  undescribed 
spades.  However,  Goodrich  (1942)  reported  £.  rnu»Pil>s  from  streams  In  western 


Gaorgie  end  southern  Alabama.  Re-examination  of  the  specimens  idanpfied  by 
Goodricn  as  E.  mursMs  from  the  Escambia  end  the  Choctawhatchee  River  systems 

E.  ‘curvtasafala'byClench  and  Turner  (ISSe)  and  by  Chambers  (1900). 

eana  (=Sonto6es/e)  ttnide  was  dascnbed  as  a subspedes  of  E.  matabilis  by 
Goodrich  (1942).  However,  the  results  of  this  study  show  that  E,  Uwkia  Is 


morphologicaSy  distind  and  geneUcally  unreialed  to  £.  muraiilrs,  but  It  is  closely  related 
to  £.  denaieosafe  of  the  Apalachicola  River  drainage  system  (Table  20). 

The  type  locality  of  E.  firreda  Is  problematic.  The  published  locality  was  found  to 
be  ipjeslionable.  Esiansiva  field  wrxh  within  the  area  failed  to  the  locate  the  stream 
cited  in  the  desciipeon  (Goodrich,  1942).  The  type  speOmen  label  revealed  that  the 
locality,  handwiillen  by  Clench,  was  1. 0 miles  southeast  of  HewWnsvIlle'.  Goodrich 


in  locating  E.  Prreda. 


Svnootw  01  Uw  AHamaha  River  Soeoet 


Bfmfs  munbies  (Laa,  1882) 

UNIQUE  FEATURES.-Undula0/}g  appeorancsbylhb  Cbnnba  ctbbsbig  the  tibb.  Post- 
9/nbiyonicwhorls  bsvB  a straiffbt  (aiaraf  p/ofUe.  TTw  sbouldafofeacbwhattstopas  at 
about  30  degroes  Mow  tha  sulwa. 

ADULT  SHELL  (Figure  1S).-Tha  color  Of  tha  oariostraojir  varies  fiom  gi^n  brown 

lha  upper  whorls  of  ffa  spire.  The  apex  of  Ihe  shell  Is  oflan  eroded,  leaving  3-S  whorls 
The  lenglh  of  the  shell  ranges  from  15.9  u 22.8  mm.  The  shell  Is  elongale-conicd  in 
^pe.  The  spire  Is  moderalely  convex  In  profile.  The  suture  Is  weB-defineO  between 
each  of  the  whorls.  The  shoulder  of  the  whorls  slope  at  about  30  degrees  below  the 

longitudinal  growth  siriabons.  The  penultlmatswhorl  has6  to  13  ribs.  Some  Individuals 
do  not  have  ribs.  The  lower  whorls  of  the  spire  have  1-3  spiral  chords  that  are  located 
at.  above  , or  below  the  periphery  of  the  whorl.  The  body  whorl  may  have  1-7  spiral 
chords  that  are  localed  at.  above,  or  below  the  periphery  of  the  whorl.  The  shell 
microsculptura  is  very  noticeably  decussaie.  The  aperture  Is  aINplical  in  shape.  In 
lateral  view,  tha  aperture  Is  slightly  curved.  The  columella  Is  straight  to  curved  in 


JUVENILE  WHORLS.-Th«  «ai1y  wfiorls  are  siraieht  In  lateral  profila.  The  caiina  begin 
at  the  first  post-embryonic  sitiorl  halfway  horn  the  apex.  The  cerina  is  located  on  the 

the  third  or  fourth  whorl.  As  the  cahna  cross  over  the  ribs,  It  develops  an  undulating 
appearance.  Decussate  sculpture  becomes  nodcaaniy  on  the  third  whorl. 

MATERIAL  EXAMINED.-Mslertal  examined  is  listed  in  Appendix  A. 

OISTRIBUTION.-This  species  was  found  at  Snapping  Shoals  at  South  River,  a 
tributary  of  the  Ocmulgee  River  of  the  Allainana  River  drainage  system.  Further 
surveys  of  the  lower  AUanbc  Coastal  rivers  are  needed  to  determine  the  distributlan  of 
this  species.  It  Is  apparent  that  more  than  one  speoes  is  involved.  Populations 

Ogeedtee  River. 


HABITAT.-This  species  wss  found  attached  to  granite  shoals  in  fast  movinB,  dear 
water.  Snapping  Shoals  is  about  100  meters  in  width,  and  spans  a distahce  of  about 
aoo  meters. 


Elfrnrs  ftmUa  (Goodridi.  1942) 

UNIQUE  FEATURES  -AJI  aduff  sheds  am  barxfed  wrih  fhe  Ural  banO  being  ytbm  and 
the  sacond  bend  being  mrUisn-brwin  (aUrHar  lo  BImla  spades  ‘A’J.  Spiral  chords 


snd  end  bemn 


ADULT  SHELL  (Rgure  20).-The  cdor  of  tha  panostracum  rangaa  from  diva  graan  or 
golden  Brown  All  spacimans  have  two  dlslind  bands  Ibal  appaar  balow  the  suture. 
The  Ural  bend  is  yellow  and  Ihe  second  Band  Is  a reddisn-brown.  The  apex  oMhe  shell 
Is  usually  eroded,  leaving  4-10  whorls  remaining.  The  length  of  the  shell  ranges  horn 


S.6to11.8mm.  The  shall  is  elongate-conical  In  diape.  The  spire  is  convex  in  lateral 


I is  waH-dahned  be 


of  a shoulder.  The  sheB  macrosculpture  consists  of  carinae,  spiral  chords,  vertical  ribs, 
and  longHudlnel  growth  stnadons.  Spiral  chords  appaar  to  undulate  as  they  cross  over 
the  ribs  appearing  as  a deshad  Ima  across  the  surface.  The  penultimate  whorl  of  the 

have  one  cr  two  spiral  chords  located  above  or  Below  lha  periphery.  The  penultimate 


and  end  before  the  next  suture.  Some  Individuals  lack  ribs  on  the  penultimate  wttorl. 
The  shell  microsculpture  consists  ol  decussate  sirlallons.  The  aperture  Is  ovate  In 


JUVENILE  WHOftLS.-A  Carina  develops  haINray  from  the  apex.  The  canna  Is  located 
near  the  penphery  of  the  whorl.  Ribs  begin  on  the  third  post-ambryonle  when 


OISTRIBUnON.-T 


This  speoes  was  founb  in  tnbutaries  ot  lha  OonuCgaa  Rivar  of  lha 
Altainafia  Rivar  dialnaga  syslam  In  PulasKI  County,  Gaoi^ia.  FuiVtar  survays  of  tha 


lower  Attanlic  Coastal  rtvars  an 


MATERIAL  EXAMINED.-Malanal  axaminad  is  Bsled  in  AppandU  A. 


HABITAT.-Snails  ware  found  crawling  Ihrough  the  sand  or  attached  to  limestone 
sutatmia  and  equallc  plants.  Snails  ware  found  In  c9ear  spring  runs  in  a moderataly 


Efimra  spaclas  'C‘  new  species 

UNIQUE  FEATURES.-TTia  aperfure  is  ovafa-aWpCca'  In  shape  and /s  siraigM  in  lataial 
profSe.  Tha  GolumeHa  fold  is  sfighOy  Iwisted  and  thickened  near  hs  base.  Thespimis 
sMgAf  sided  in  javenHes  and  convex  In  aduifs. 

ADULT  SHELL  (Figures  2eA-B).-The  color  of  the  peiiostracum  ranges  from  olive  green 
to  dark  bidivn.  Some  populations  have  dark  Orown  bands.  The  apex  of  the  shell  is 
usually  eroded,  leaving  3-7  whoits  ramaining.  Tha  length  of  tha  shall  rangas  horn  6.8 
to  21  3 mm.  The  shell  Is  elongala-conical  in  shape.  In  the  aarllar  whorls  of  sub-adults 
the  spire  is  straight  in  lateral  profile.  However  the  profile  becomes  convex  In  tha  adults. 
Tha  suture  Is  well-defined  between  each  of  the  whorls.  The  shoulder  of  each  whon 

al  libs,  and  longitudriel  growrth  striations.  Tha  lower  whohs  of  the 


slopes  el  about  20 1 


to? 


mtcrosculplure  cortstsB  of  a faint  dacusaara  strfatons.  T?ia  aperture  is  ovale^aiptical 
in  shape  and  is  straight  in  lateral  prafila.  The  columella  is  sllghllv  twisted  arid  mictterrad 

JUVENILE  VJHORLS.-The  Carina  begin  at  the  first  wtiod  halfway  from  the  apex,  similar 

the  suture.  Ribs  appear  about  lha  fourth  or  Rflh  wliort.  Oecussata  sculptura  becomes 
noticeable  on  the  third  embryonic  whorl. 

MATERIAL  EXAMINED.-Meterial  examined  Is  loealed  in  Appendn  A. 

DISTRIBUTION.-Thls  species  was  found  in  Rottky  Creek,  a votary  of  the  Oconee 
River  of  the  Altameha  River  drairtage  system.  Further  surveys  of  the  lower  Atlantic 
Coastal  livers  are  needed  to  determine  lha  complete  dIsiribuUon  of  this  species 

HABITAT.'^nells  were  found  attached  to  rocks,  woody  debris,  and  bridge  piUrtga.  The 


I slresms  ranged  I 


CHAPTER  I 


nt-day  physio 


strib  jlk>n  patlaim  tvilMn  IDs  region  (Swift  at  ti. 


interpreting  the  present-day  launel  <Us 
1966).  Also.  evoiuUonaiy  and  phylogenetic  reiaUon^lps  of  the  region's  feune  can  be 
Inferred  from  these  Olsmbottonal  patterns  (Swift  at  al.  1986). 

The  river  basins  invesligatad  m this  study  Ire  within  the  rre)or  physiographtc 
pitninces  of  the  lower  nadmonl,  the  AUentic  Coastal  Plain,  and  the  Gulf  Coestal  Pleln. 
Many  of  the  headwaters  of  these  rivers  originated  above  the  Fall  Line  or  on  the  lower 
Piedmont  (Thompson  1936.  Murray  1981:  Hobbs  1981).  These  rivers  then  exit  Into  the 

The  Piedmont  Is  a layer  of  hard  sedimentary  rock  that  extends  from  the  base  of 


region  rests  between  the  Blue  Ridge  Valley  of  the  Appaiachlen: 
(Thompson  1939:  Murray  19B1:  Hobbs  1881).  The  Piedmont  Is 


composed  of  pre-Cretaceous  rock,  some  of  which  is  dated  to  be  Triassle  in  origin  (Heck 
1669:  Isphording  and  Rtzpatrfck,  1962).  The  headwaters  ol  the  rivers  originatirig  on 


sections  (Thompson  1939.  Murray  1981:  H 


niie  rocks  of  the  Pedri 


I (Tiles  In  width  (Thcrr^isor 


>1938). 


this  zone  (Ferneman193S). 

The  Phvs.oa(aonY  o(  GeemU  Rivecs 


astheVidslla  andTIfton  Uplarxis  and  the  Deughtery  Plain  (Hobbs  1981;  Kodlsr  and 
SidirBtler19ee).  These  areas  contain  vary  little  level  land.  The  rivers  In  this  regiofi  are 
typically  narrow  and  flow  tttrough  unall  valleys.  These  nvers  give  rise  to  many  shoals 
and  rapids.  The  shoals  are  composad  of  granite,  artist  and  gneiss  ehich  are 
Prei3i(Tbrlsn  m origin  (Murray  1961;  Hobbs  1981).  Also,  some  areas  contain 


(Murray  1961;  Hobbs  1981). 


As  the  rivers  flow  southward  over  the  Fall  Litre  Hills.  Urey  cross  unconsolidated 

limestone,  and  gnari  (Hobbs  1981).  The  rivers  continue  to  flow  over  the  Coastal  Plains 
wherelhey  encounter  Cretaceous  sediments  (Murray  1961:  Hobbs  1981).  Thastraam 
substrata  is  composed  of  Cretaceous  sediments  consisling  of  sand.  day.  and  gravel 
(Murray  1961;  Hobbs  1981). 


originate  above  the  Fal 


stresnibeds  composed  of  sMcme 


llmsstans.  t^lk,  man.  and  day  (MaRee  at  al.  1998).  Tne  Blackwalar.  Conecuh, 
Chodawhslchaa,  Pea,  and  Yellow  Rivers  originate  below  the  Pal  Una. 

The  East  Cull  Coastal  Plain  occupies  50  percent  of  tne  area  in  southern 
Alabama  (MeRee  at  al.  1996).  Stmambeds  below  the  Fall  Line  consist  mamly  of  mud  or 
sand  (Uettee  et  al.  1996).  These  lower  streams  travel  through  genUe  rolling  hlls  wHh 
little  topographic  relief  (Uetteeetal.  1993). 

The  headwaters  of  Ihe  Escambia  ahO  Choctawhatchee  Rivers  originate  In  an 
area  occupying  the  far  southeast  end  ol  the  slate  called  the  Chunnanuggee  Hills 
(Metteeetal.  1996).  The  Crtunnenuggee  Hills  are  located  directly  below  Ihe  Fall  Line 

The  subsection  of  the  Coastal  Plain  called  the  Doughterty  Plain  extends  from 
Georgia  Into  tne  soulheastem  comer  of  Alabama  (Metlee  et  al.  1996)  The  Doughtery 

Southern  Red  Hills.  This  region  Is  composed  of  limestone,  sand  and  cisy  (MeRee  et  al. 


Doughtery  Plain. 

The  Yellow  and  BlacRwaler  Rivers  originate  In  Ihe  lower  part  of  Alabama's 
Doughtery  Plain.  These  rivers  transverse  over  the  region  called  Ihe  Southern  Pine 
Hills  This  area  contains  high  concentrations  of  dissolved  organic  matter  or  tannins 
from  the  natural  flora  creating  blackwater  creeks. 


Alabama  or  wastam  Gaorgia.  Rivara  and  straams  flowing  bvoi^h  west  Florida  ara 

predominalely  sard-bottom  or  calcareous  streams  (Bedi  19SS;  Nordlie  1977).  Sand- 
bottom  streams  are  die  most  abundant  stream  type  found  In  the  Florida  PaiViaridta 
(Sack  1969.  Nordlia  1977).  These  streams  How  over  the  Manenna  and  Western 
Highlands  of  the  Florida  Panhardle.  These  areas  have  rolling  hills  that  are 
charscterlstio  ol  this  region. 

The  BiacKwater  and  Yellow  Rivers  are  the  predominate  sand-botlon  streams  of 
west  Florida.  Pleurocerid  snails  have  not  been  recovered  from  the  Blackwater  River. 

The  calcareous  streams  of  western  Florida  are  the  CNpola  River  and  Holmes 
Creek,  which  origirTaiB  primarily  at  springs  (Noidlie  1977).  There  are  many  springs  that 
discharge  into  the  Chlpcla  River  and  Holmes  Creek.  Many  areas  within  these  rivers 
have  sections  containing  sand-bottom  substrata  lined  with  exposed  limestone  and 


The  I 


le  enUre  study  region  (Nordlie  1977). 
i Creek  yield  fha  sympatric  Efmia  spi 


The  larger  rivers  surveyed  In  Florida  are  the  Apalachicola.  Choctawhatchee  and 
Escambia  These  rivers  oiiginate  in  the  upland  hills  of  Alabama  and  Georgia  (Beck 
1985,  Hobbs  1961,  Mettee  el  al.  1992).  The  Apalachicola  is  ihe  only  Florida  river  to 


or^glnale  Between  the  Pledinant  anfl  southern  Appalaohian  Mountairu  of  northwest 
Georgia  atxJ  northeast  AlaBama  (Swift  at  al.  1983).  These  rtvars  exit  Into  the  ocean 
discharging  a large  volume  ol  water.  Because  of  this  large  discharge  volume, 
enormous  amounts  of  day  and  silt  are  canted  from  their  headwater  tnbutaries  making 
these  rivers  axtramely  turoid  (Beck  1983). 

Unrevelina  Tasonomic  ProBlemt 
Usino  Shall  Morohotoov  and  Mrtochondnal  ONA 

The  use  cl  Shell  morpholagy  In  the  idemrficalion  of  pleurocarid  species  has 

this  group,  many  taxonomic  Identincalions  are  difficult  or  ambiguous(ChamBers  1979, 
1978,  1980, 1981, 1990;  Dllllon  and  Davis  1980:  Dilllon  1984;  Thompson  1984). 

quanmative  characters  most  useful  in  differanlialing  the  taxa  warn  aperture  shape  and 
overall  shell  length.  The  qualitative  leaturas  sudt  as  the  spire's  lateral  prohla, 

Furthennore,  the  presence  of  sculpture  patterns  such  as  spiral  cords  and  vertical  rips 
was  another  qualitative  feature  useful  In  species  IdenOricatlons. 

Many  pleurocarid  taxonomic  descriptions  were  wntten  prior  to  tha  1900's  when 
naturalists  may  have  underapprecaated  phenotypic  variation.  One  manifestabon  of  this 
problem  was  the  ctassifiestion  of  subadults  and  aduHs  as  separate  taxa.  Ultimately, 
this  compounded  the  proOlems  associated  wttn  the  taxonomy  of  this  group  (Reeve 


1859-1861;  Tryon  1883-63, 


D,  1882c,  1862d,  1863, 1884, 1887). 


The  sequence  comperlsons  of  cytoctiromo  oxidase  gene  subunit  1 proved 
infoimative  In  differentiating  Ibe  Ellmia  species.  The  nucleotide  divergence  among  the 
morphologicallv  dislinet  species  ranged  from  B-20K  The  nudeotide  divergence  of  E. 

about  30%. 

Cylochrome  oxidase  sequences  from  the  miDiM  were  also  useful  in  discerning 

MO  mejor  assemblages-a  western  and  an  eastern  assemblage.  The  western 
assemblage  irtdudes  EHmls  species  ~A"  and  'B**  of  the  upper  Choctawhetchee.  Yellow, 

from  the  Alabama  River  system  than  It  is  to  the  species  of  the  eastern  assemblage 

The  eastern  assemblage  of  species  includes  Ellmia  dansicostBla.  £.  akMnsoti. 
and  E.  fimids.  The  dislribution  of  this  assemblage  includes  the  Apalachicola  artd 
Altamaha  River  systems.  Also,  the  distribution  of  these  snails  extends  Into  the 
tnbutaries  of  the  lower  Choctawhatchee  (Wrights  and  Holmes  Creeks).  The  other 
Altamaha  snail.  E.  mufaMls,  was  unretaled  from  either  assemblage. 

Biodiversrtv  and  Bioaeoprsphy  of  the  Southeastern  Rwers 
Ebwia  Bloeivefsilv  and  Faunal  Distribution 

This  investigaiion  was  able  to  document  nine  'smooth*  £Hini9  spades  within  the 


study  area  (Table  21).  ESn 
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Held  sampling  witftn  the  AOantic  Coastal  drainages,  I cannot  rule  out  tne  possiblitiy  that 
ttiasataia  may  occur  outside  Uia  Allainaha  River  Oasin.  Nonetneless.  mesespeciaB 

at  the  headwaters  of  the  Ocortae  River.  However,  the  undescrlbed  taxon,  £i>mia 
spades  'C,  Inhabits  the  rocky  shoals  ol  the  lower  tributaries  of  the  Ocortee  River.  The 

Biodvertitv  of  other  Souinsastem  Freshwiter  Grovoi 

The  bkxuverslty  ol  the  southeastern  freshwater  fauna  is  one  of  the  richest  in 
temperate  Noith  America  (Msyden  and  Lydearo  19S4)  Many  studies  have 

eaddisflies,  fish,  and  turtles  vwthin  the  southeastern  river  drainages  (Hobbs  1M2, 1M1: 
Oench  and  Turner  1956;  Gibbs  1957;  Johnson  1970:  Berner  1977;  Thompson  1977; 
Burgess  and  Franz  1978:  Peters  1932;  Morse  19S2:  SwiHet  al.  1986. 1985;  Gilbert 

Lydeard  and  litayden  1995;  Roman  1897).  These  taia  primanly  Inhabit  the  river 

aquatic  except  (or  the  eaddisflies  and  mayfUas.  Only  the  larvae  of  lhasa  insects  are 
aquatic.  Also,  the  turtles  of  the  genus  Grapfemye,  Sfemofrierus,  and  Apelone  are 
considered  semi-aquatlc  In  nature. 

A high  number  ol  endemic  species  exists  wHhin  lha  southeastern  nvers  (Nordlle 
1977:  Swift  etal  1968,  Lydeard  end  Mayden  1995).  Many  species  are  endemic  to  a 
single  river  syslein,  a pattern  which  is  similar  to  other  fish  faunas  In  eastern  Norti 
Amencan  rivers  (Hobbs  1942, 1981;  Thompson  1989;  Johnson  1970:  Gilbert  1978S-C; 
Morse  1982,  Peters  1982;  Swift  etal.  1978, 1988;  Mayden  1988).  The  AoalachkxSa 


in  the  Rim  River  Hibutary  ot  trie  Apalachicola  drainage.  The  third  species,  Uoplaf 
pKsbryl.  is  confined  to  the  Chipola  River  of  the  Apalachicola  River  system  (Thompson 
1984). 

EfSpeo  (Mpotaan^s,  AmOonla  naant.  and  LampstBa  blnow/natua  (Buroh  1970).  The 
first  three  speoes  are  restricted  to  single  tributaries  wHhin  the  Apalachicoia  River 
system.  However,  (.arryisDrs  Binominaluz  is  currenlly  reported  to  be  eMincl  (Williams  et 
el.  1992a)  The  former  disthbudon  at  this  species  included  the  Chatlehoochee  and 
Rim  Rivers  of  the  Apalachicola  drainage. 

Choctawhatchee,  Escambia  and  Yellow  Rivers  of  the  Gulf  Coastal  Plain.  The 
Biackwater  and  Yellow  Rivers  are  idenlified  as  sand-boltom  streams  that  coman  the 
fewest  number  of  endemics,  and  the  least  diverse  of  habitats.  The  only  endemic 
invertebrates  to  these  rtvers  exclusively  are  the  caddislly  and  mayfly  species  listed  in 
Table  21.  These  irtsecls  are  important  to  the  region  becsusethey  are  ecaiogicaily 


vertebrate  and  Invertebrate  species  endemic  to  individual  river  systems.  The  only 
vertebrate  species  andemie  to  the  Escamtxa  and  Yallow  Rivers  is  the  freshwater  tunie 
species.  Grapismys  emsA'  (Sanderson  1976).  The  other  endemic  vertebrates  are  the 
freshwater  fish,  Ameiuns  alrapiculus.  Ammocrypls  tiribsoa,  Elheostoma  dawsorv;  E. 


a,  A.  l/langulsta.  EHipOo  danansia.  £.  Hcpefonenafs,  £.  sheoenfana. 
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TTie  blooeographic  and  phylogaograpMc  studias  parlaining  to  tha  frashwatar 

Choctawhatchea  and  Apalad^cola  Rivers  ware  genetcally  simitar  to  the  populatiorrs  in 
ITia  AUanOc  Coastal  river  systems  (Walker  at  al.  1995).  These  Findings  are  also 
reflecled  in  IFie  genedc  results  ol  the  Elim'a  species  in  this  study. 

Endemic  haplotypes  of  MacrocFemys  lemm/nM  were  found  in  almost  every  the 

Choctawhstchea,  Chipola.  Apalactiicola,  and  the  Ochlockonea  Rivals.  Roman  (1997) 
found  that  these  populations  shared  an  affinity  with  the  Pensacola  (lower  Escambia) 
and  Mobile  (lower  Alabama)  Bay  populations. 

The  southern  Atlantic  Coastal  riveis  of  die  Savannah.  Ogeechee.  and  Allamaha 
share  freshwater  fish  and  invertebrate  fauna.  The  freshwater  fish  species  that  Inhabit 
these  drainages  are  CypnrieSa  eaHisema,  Elfieosfoma  hopkinsi,  and  E.  insaiptum.  The 
invertebrate  fauna  consists  ol  two  species  of  freshwater  mussels  {LampsHis 
Polatmeformls.  L ladiala  splenMai  and  ten  freshwater  crayfish  species  (ProcamParus 
aeutus,  P.  advena.  P.  pygmaeus,  P.  fruculerMus,  P.  ParPefuS,  P.  erjop/ossmom.  P. 
kmzi.  P.  pubescena.  p.  frogtodjdes). 

The  southern  AUenlic  Coastal  river  systems  of  the  Savennah,  Ogeechee,  and 
Allamaha  within  die  study  area  share  invertebrate  fauna  with  the  Abalachioola  River 


crayfishes  within  the  region  (Table  21).  This  river  faunal  exchange  Is  also  reflected  in 
this  study  by  the  genetic  relationships  among  the  Apalachicola  and  Altamaha  BUm 

Onam.  Dispersal  and  Evoiulion  of  Ihe  Reoien’s  fauna 
The  results  from  this  study  and  other  previous  works  have  demonstrated  that 


(Swift  at  al.  1986)  Also,  the  species  number  Is  Indicabve  Of  the  suitable  physical 


number  of  ^des  in  the  Gulf  Coastal  rivers  of  die  Florida  Panhandle  exdudlng  the 
Apalachicola  River  system  (Swift  el  al.  1966). 

demonstrated  by  freshwater  fishes  and  turtles  (Swift  el  al.  1988;  Roman  1997).  Seven 
freshwater  fish  spaces  have  dlsuibulions  that  extend  from  the  Mississippi  to  the 
Escambia  River  system  (Table  21).  These  seven  spedes  indude  Arnmcrypla 
a$i«9«a.  Camposloma  oAgofepis,  Carpiodes  vainer,  CypiineSa  vaanusla,  Noln>pis 

extend  from  the  Mississippi  to  the  Escambia  River  system  include  Maoroc/ernys 
lemmincliii  Sfemolhert/S  winor,  S.  odoraius.  and  Apalone  spinifera  asperse. 


River  syste 


se  freshwater  Rsh 


I E/imyzon  tenuis,  Elheosfoma  i 


m 

£.  sernfer,  E.  sllgmaeum,  E.  sws/ni,  NoSfopit  hypselopleius,  N.  maseulelus,  N.  welaka, 
Peicine  viail.  and  Pimephala$  nolalua.  TTie  influx  of  frssnwatar  turtle  speoee  inciuae 
Graplomya  pulchm  and  Apaione  spinifera  aspara 

TTte  Tennessee  River  Is  the  geographic  center  lor  many  of  the  species  In  the 
southern  AUanlic  Coastal  river  systems  and  the  Apalachicola  River  system  (Gbbs 

analyses  of  freshwater  fish  and  mollusk  species  (Gibbs  1957:  Johnson  1971;  Swift 
1977:  Thompson  1977;  Swift  et  al.  1986;  Thompson  and  Hershler  1991).  According  to 
Swift  (1977),  many  fish  species  within  the  Tennessee  River  drainage  were  hinneled 
into  the  Atianbc  Coastal  rivers  by  headwater  stream  capture  Gibbs  (1957)  postulated 
that  the  Tennessee  o^nid  11^  stocks  colonized  the  AUanlic  Coastal  rivers  via  the 
Savannah  River  system.  These  stocks  laler  moved  into  the  Apalachicola  River  system 
via  the  Altamaha  River  drainage  (Gibbs  1957).  An  example  of  this  southwestward 
movement  Is  the  disirlbutian  of  the  freshwater  fish  Nompis  hypailapis  and  S.  zorrjstfua. 
These  fish  are  endemic  to  the  Apalachicola  but  have  conspedfics  located  in  the  upper 
part  of  the  Savannah  River  drainage. 

did  enter  the  AUanUc  Coastal  streams.  This  Is  Illustrated  by  the  crayfish  spedas 
CamPanrs  laUmanus  and  C sfriafus.  Both  of  the  crayfishes  are  found  In  the 
Tennessee,  Coosa,  ApaiaOiicola,  Aftamaha,  Ogeechea,  and  Savannah  River  systems. 
Also,  the  hyOrobiiO  snails  of  the  genus  Mansfonia  probably  onglnated  In  the  Tennessee 


1(1977). 


tnese  hydiQDild  snails  laler  spread  From  tne  Coosa  River  of  Alabama  to  Ibe  FUnt 
OcmulBee,  and  Ogeechee  Rivers  of  Georgia  via  Ibe  Savannah  River  syslem 
(Thompson  1977). 

headwaier  irlbuiaiY  to  the  Apalachicola  River  syslem  (Hobbs  19S1).  Htfibs(1981) 
suggested  dial  stocks  cenah  crayfish  species  such  as  C^mbams  barfonfi  may  have 
eniered  the  Chattahoochee  River  via  the  Hiwassee  River.  Gut.  this  Interpretation  was 
based  merely  on  conjecturs  (Hobbs  1981).  No  evidence  has  surfaced  to  substantiate 
this  hypothesis. 

There  wss  another  colonization  of  the  Atlantic  Coastal  rivers  from  the  Coosa- 
Etowah  Rivers  of  the  Alabama  River  system.  This  event  Is  demonstrated  by  five 
freshwater  fish  species  that  have  entered  the  Apalachlcoia  River  system  and  the 
Chattahoochee  River  via  the  ElowarvCoosa  connection  (Table  21).  These  five  species 
are  Cypnneils  grPPsI,  Ef/ieosfoma  sarh/er,  LuxUui  zonrslrus,  Alofroprs  balleyf.  and  N. 


AtlanPc  Coastal  river  systems  from  the  Santee  and  Edisto  Rivers  of  South  Carolina 
(Swift  et  al.  1978;  Hobbs  1981).  Thris  fauna  also  moved  Into  the  Apalachicola  River 
drainage  from  the  Atiamaha  basin.  The  seven  freshwater  fish  ^cies  used  this  route 
are  Ameiurus  bnrrineus.  Hybopsis  rubnjyons,  HypantoUum  efowanum,  Moxosioma 


I r«slriae<I  Ihe  region's 


frssiwater  fauna  from  mlBratinfl  uBSlream  ana  mo>fina  belwaan  the  rinar  Dastrs.  Theaa 
barriers  include  the  Fall  Una  HJIs,  tha  Doughlery  Plain,  and  the  area  of  land  between 


the  ChattahoocheerAcalachlcrta  and  Flint  Rlnors  (Hobbs  1942;  Matlea  at  al.  1986). 
Also,  the  rhar  dielnaga  systems  being  confined  to  non-overlapping  flooOplains  have 
acted  as  isolating  mechanisms  (Swift  at  al.  1986). 

The  ecolOBical  barriers  resthctng  faunal  exchange  batwaan  drainages  InduOe 
the  physical  characteristics  of  the  river  such  as  watar  puality  and  available  substrata. 
These  factors  must  also  be  taken  Into  consideration  whan  addressing  tha  absence  of 


The  current  geography  of  the  Coastal  Plains  probably  onglnatad  during  the 
Jurassic  orearty  Cretaceous  Era  (Hack  1969;  Hodler  and  Schretter  19B6).  Much  of  this 

Appalachians  (Hack  1969;  Hodler  and  SchreRer  1966).  The  region  axperlencad 
periods  of  sealevel  resurgences  and  withdrawals  that  ccntinuad  into  the  Tertiary  Period 
of  the  Cenozolc  (Hack  1969).  Geological  evidence  suggested  that  the  ocean  coasDine 

(Hack  1969,  Swift  et  al.  1986). 


Th«  current  geology  exposed  todsy  was  formed  during  the  Tartary  Period  of 

resurgence  occurred  in  the  laRer  part  ofUie  Teiteiy  during  the  Miocene  Epoch.  This 
resurgence  caused  the  sea  level  to  rise  a hundreo  feet  higher  than  its  present  day  level 
(Hack  1969). 

rivers  existed  These  nvers  were  the  Aitamana  and  Savannah  Rivers  of  the  Atlantic 
Coastal  Plain  and  the  AlaOams  and  Chattahoochee  Rivers  of  the  Gulf  Coastal  Plain 
(Swift  at  al.  1986).  The  Chattahoochee  River  IS  believed  to  be  Ihe  oldest  river  Within 
Ihe  region  because  of  Its  Trlasslc  deposits  (Campbell  1896).  The  other  major  rivers 

The  smaller  river  drainages  such  as  Ihe  Blackwaler.  Choctawhatcnee,  Escambia,  and 
Yellow  Rivers  were  reduced  or  nonexistent  because  of  the  Inundation  of  the  areas  by 
the  sea  (Swift  el  al.  1986).  However,  It  was  not  until  the  Pliocene  that  the  Ogeechee. 
Selina,  and  the  St  Mary's  Rivers  ware  formed  (Hodler  and  Schrelter  1888). 

The  Quaternary  Period  of  the  Cenozoic  Era  also  brought  changes  to  the 


Islands  and  the  Florida  peninsula  (Hodler  and  Schrelter  1986).  The  current  Florida 


ere  have  been  numerous  stream  mIgraUons  along  the  AUanlic 
rnsymmelrical  condition  of  the  stream  basins  (Campbell  1898). 


GulfCoeslal  Plain.  Ihe 
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phemxneron  of  the  onavan  aiatnbution  of  Inbutaries  that  axial  in  tba  Conecuh  River 
of  the  Eacambia  ayatain  and  tha  Flint  River  of  the  Apalachicola  systeni  (Price  and 
Whatatone  1977). 

Stream  migrations  have  been  documented  tor  tha  Gull  and  Atlantic  Coastal 
Rivera  since  the  Tertiary.  Hayes  and  Campbell  (1897)  suggested  that  the 
Chattahoochee  River  was  captured  by  the  Etowah  River  ol  the  Coosa-Alabama  River 
aystem  during  the  Tertiary.  The  middle  portion  of  the  Chattahoochee  River  retained  its 
southerly  coursa  because  it  was  entrenched  by  the  uplift  known  as  the  Chattahoochee 
Arch  (Campbell  1897).  During  the  Piiocane-Plalstocene  Epochs  of  the  Tertiary,  tha 
rivers  east  of  the  Chattahoochee  River  deflected  in  a southeasterty  direction  (Rice  and 
Whetstone  1977).  The  western  streams  such  as  tha  Pea  River  of  tha  Choctawhalchee 
and  the  Conecuh  ol  the  Escamtxa  turned  southward  sway  trom  the  Chattahoochee 
River.  This  southward  dellection  of  streams  was  noted  in  geologioal  deposits  of  tha 
Miocene  and  Pliocene  rtdges  (Swift  et  el  1986). 

Tha  AUanBc  Coastal  rivers  were  affected  by  stream  capture  ol  the  Gulf  Coastal 
Rivers  ol  the  Tennessee  and  Alabama  dunngtheTeniary  Period.  Geological  evidence 

River  (Campbell  1897).  This  was  later  followed  by  the  capture  of  haadwaler  tno utaries 
of  the  Chattahoochee  River  by  the  upper  Savannah  River  near  Tallulah  Falls  (Campbell 

Evolution  of  Ihe  Southeastern  Freshwater  Fauna 


Rtv*f  ttiat  Is  aireeUy  ttelow  Allamaha  River  in  CSeorgia  (AlSrich  1911).  This  Hioeere 

Thompson  and  Kershler  (1991)  believe  the  snails  10  ba  Elimia.  Notably,  the  curent 
fauna  of  the  Sablla  River  Is  devoid  of  freshwater  gastropods  probably  due  to  a post- 
Pliocene  change  in  water  quality  associated  with  Ihe  erosion  of  carbonate  deposits 
(Thompson  and  Hershler  1991). 

the  Atlantic  and  Gulf  Coastal  nvers  was  predicted  to  occur  during  the  PUocene  or  early 
ReislDCene<Thompson  1977: Swiftetal.  1986:  Lambelal  1996;  Roman  1997).  Swlfl 
el  al.  (1977)  argued  that  many  spades  reached  Ihe  Atlantic  Coastal  Rivers  by  stream 
capture  and  speclatad  after  reaching  these  rivers  or  In  srfu  The  high  number  of 

after  these  ancestral  slocks  had  colonized  Ihe  nver  basins  (Thompson  1977;  Hobbs 
19S1:(.ambetal.199e) 

using  rnitochondrial  DNA  as  a molecular  dock.  A conservative  estimate  of  the  miONA 

years  between  lineages  (Moritz  at  al.  1997).  Because  die  mitochondrial  DNA  of  many 

one  can  approximale  the  time  of  divergance  of  a group  of  species  (Bemiingham  1990). 
The  divergence  rate  calculated  lor  the  AUanlic  Coastal  rivers  and  Apalachicota  River 


nis  study  was  from  ( 
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Bgo.  Mors  moleeulBr  asla  Is  needed  to  appronmala  Ihe  tine  of  divergence  for  Uie 
ottier  Gulf  Coastal  river  ESVnla 


Biodiversity  Loss  and  Conservaton  impHcatone 
TMe  Decline  of  Aovatic  Moliuske 


Since  the  beginning  of  this  century,  there  has  been  a noticeable  dechna  in  the 


. 1993:  Lydeardand  Uayden  1995;  Fraeman  at  el.  1996;  Righlaretal.  1997). 

River  system  (Bogan  el  el.  1995).  The  ma)onty  of  these  snail  eirtncUons  are  tn  the 
pleuroceiids.  Fourteen  of  these  extinct  spedes  are  £Umis  (Lydeard  and  Meyden 
1995).  Also  wHhlh  the  Mobile  Basin,  47  snail  species  are  listed  as  endangered  and  17 
species  are  considered  threatened  (Lydeard  and  Meyden  1995). 


mollusks.  Within  the  Chattahoochee  River,  a second  major  tributary  of  the 
Apalacnieola  River,  Brrraa  species  survive  only  In  a few  isolated  tributaries.  The 
Iribularies  surveyed  along  Ihe  Flint  River  in  this  study  also  leveeled  a noticeable  decline 
In  Ihe  EKmia  populations.  Many  of  these  populations  have  been  extirpated  nearby 


stofCordale.  Ge 


1809;  Williams  el  al  1992a,  1992&).  The  primary  causes  for  these  axCnctiors  are 


1992;  Williams  et  al.  1992a  . 1993;  LydearO  and  Maydan  1995:  Freeman  el  al.  1996: 
RiBhleretal.1997). 


die  demise  of  msllusk  species.  These  impoundmerts  have  bean  used  lor  Rood  control, 
hydroelectric  power,  navigslion,  irrigallon,  urban  water  supplies,  and  recreation  (Brower 
1971;  Hannan  197«;  Gordon  etal.  1992).  Impounded  waterways  have  drastically 
affected  the  eouatic  ecosystems  of  rivers  by  altering  their  physical,  chemical  and 
biological  environments  (Brower  1971;  Harman  197ri;  Gordon  el  al.  1992;  Williams  el 
al.  1992a,  1993).  Impoundments  alter  rivers  by  increasing  sillabon,  reducing  suitable 
siresmbed  substrates,  resliicling  water  Row,  reducing  dissolved  oicygen  levels,  and 
Increasing  drift  material  after  dewatering  (Hernian  1974,  Layzeretal.  1993;  Williams  at 
al.  1992a,  1993;  Neves  1997).  The  stream  habitats  most  affected  by  dams  are  the 
nffle  end  shoal  areas  (Layzer  et  al.  1993)  These  shoal  regions  are  the  primary  habitat 
of  pleurocerid  snails,  l.a.  ESmia  In  the  rivers  of  Alebema  and  Georgia. 


sill  6ogs  ins 


piralDfy  system  Exc 


tta  penosVBCuin  layer  or  the  mollusk  shell  (Harman  1974).  Once  tie  penostrscum  Is 
worn  away,  the  remaining  sheli  iayers  Cissoive.  The  dlssoi  Jllon  of  Ihe  shell  ultimately 
leads  to  monaitty  (Hamian  1974). 


species  composition.  Streambeds  tha 
as  Slones,  gravel  and  sand  support  Ih' 
1956).  A study  conducted  by  Blair  ani 


reproduction  and  feeding.  Some  gastropods  which  include  Elimla  are  grazers  that  reed 


ally  aHeded  by  | 


n'ng  by  i 


s.  Periods  of 


H«bK«Conseiv»llon 

day  is  the  toss  of  essential  habitats  and  ecosyslems  (Meffe  and  Carrol  1994).  In  order 
to  protect  freshwater  sastropods,  the  listing  of  species  as  endangered,  threatened  or 
special  concern  is  rtot  enough.  This  type  of  action  would  benerrt  organisrrvs  subjected 
to  hunting  or  poaching.  However,  aciustic  snails  are  not  affected  by  eilher  scbvity.  The 
answer  lies  with  protecting  the  aquatic  habitat  and  the  adjacent  terrestrial  environment 
known  as  lha  riparian  community. 

The  major  threat  to  aquatic  ecosystems  Is  the  destruction  of  riparian  community 
(Foikarts  1997).  These  regions  filler  the  amount  of  sediment,  excess  nutrients,  and 
toxic  chemicals,  providing  a buffer  zone  for  the  river  (Freeman  el  al.  1997).  This  buffer 
zone  also  reduces  flucbtatlone  In  water  temperature  by  Ifmitng  sunlight  exposure  for 
the  stream  (Freeman  el  al.  1997). 

The  preservation  of  the  riparian  community  is  essential  to  the  overall  health  and 
well-Paing  of  aquatic  ecosystems  (Freeman  el  al  1997;  Foikarts  1997).  This 

Is  controlled  to  a large  extent  by  riparian  habitats. 

The  destructipn  of  the  riparian  vegetalion  also  leads  to  the  accelerated  erosion 
along  the  riverbanks.  This  accelerated  erosion  Increases  the  amount  of  sedimentation 

stability  by  trapping  the  sod  vrilhin  the  root  systems  (USD1 1984).  Accelerated  erosion 


venulaKy 


this  to  be  hje  IBrower  1971;  Harman  1S74:  Gordon  at  al.  1992:  Williams  at  al.  1992a , 
1993;  Lydeard  and  Mayaan199S:  Freeman  el  al.  1996:  RIghterel  al.  1997). 

Certain  conservation  measirres  need  to  be  Impleinenled  In  order  to  protect 
habitats  essential  to  the  southeastern  Bime.  These  measures  are  the  reslorabon  of 
riparian  communities  and  the  cessation  ol  building  any  new  hydroeleotrlc  dams.  The 
restoration  and  protection  of  the  riparian  communHIas  will  prevent  soil  erosion  and 
sediment  loss  from  entering  the  livers.  Also,  ihe  pravenlabon  of  building  new  dams  will 
help  conserve  the  remaining  fauna  in  these  vital  ecosystems. 


APPENDIX  A 

VOUCHER  SPECIMEN  INFORMATION 


UF  224288  Binits  sp.  ‘A*  MS.,  U.S.A..  AlaDams,  Conecun  Co..  Pigeor  Cili  a<  JS  Hwy 
84,  ca.  19  mi.  E of  Everprwr.  F.  G.  Tiionipaon,  FGT  5243, 23  May  1993. 

UF  224290  Ekmia  sp.  ‘A*  MS.,  U.S.A..  Alabama,  Escambia  Co.,  Sapulga  River  at 
Srooklyn,  FGT  & E.  L.  Raiser,  FGT  5244, 24  May  1993. 

UF  224598  Bimta  sp.  ‘A*  MS..  U SA..  Alabama.  Escambia  Co.,  small  creeK.  6.4  mi.  S 
o(  erocUyn,  trib  to  Sapulga  RIvar,  FGT  S E.  L.  Raiser.  FGT  5245,  24  May  1893. 

UF  241101  Etinissp. ‘A'MS.,  U.S.A..AIabama.  EscambiaCo..  creeA5  3ml.  NofSR 
43.  On  Creek.  2.2  mi.  S.  oferocklyn,  E.L  Raiser.  ELR  110.  25  Nov  1994 

UF  241103  EIrmia  sp.  'A'  MS..  U.S.A.,  Alabama,  Escambia  Co.  Amos  Mill  Creek  on  SR 
43. 1.1  S of  Brooklyn,  E.  L Raiser.  ELR  111,25  Nov  1994. 

UF  241106  Eltmta  sp.  'A'  MS.,  U.S.A.,  Alabama,  Conecuh  Co.,  Bonie  Cik,  2.5  mi.  NW 
of  Brooklyn  on  SR  42.  E.  L Raiser.  ELR  112,  25  Nov  1994. 

UF  241109  Elrmta  sp.  'A'  MS.,  U.S.A.,  Alabama,  Conecuh  Co.,  Raols  Creek,  4.7  ml. 
NW  of  Brooklyn  on  SR  42.  E.  L.  Raiser,  ELR  113, 25  Nov  1994. 

UF  241111  arnrasp.'A'MS  .U.S.A.,  Alabama.  Conecuh  Co.,  creek  10  ml.  NW  of 
Brookyn  on  SR  42  (Horlon  Branch),  E.  L Raiser.  ELR  114.  25  Nov  1994. 

Conecuh  River 

UF  224276  Bimta  ap.  ’A*  MS..  U.S.A..  Alabama.  Escambia  Co..  3.6  mi.  NWof  Brewlon 
on  Hwy  41  a1  Burnt  Com  Clk.,  E.  L.  Reiser  S FGT,  ELR  020, 05  Nov  1993, 

UF224280£fimi'8sp. ‘A-MS..  J.SA  . Alabama.  Butler  Co.,  Pigeon  Creek.  10.7  mi.  E 
of  Qeorglana.  F.  G.  Thompson,  FGT  5240.  23  May  1993. 

UF  241072  Elimia  sp.  ‘A’  US..  U.S.A.,  Alabama.  Cretisnaw  Co..  3.5  ml.  E of  RudleCge. 
on  Palsaliga  Crk.  off  SR  10,  E.  L.  Raiser,  ELR  097,  OS  Nov  1994. 

UF  241074  £/im/S  Sp.  "A'  MS.,  U.S.A.,  Alabama,  CrenshavtCo.,  23.7  ml.  W of  BranSey 
on  SR  108  on  Palsaliga  Ctk,  E U Raiser,  ELR  099,  05  Nov  1994 

UF241075e/mte  V. ‘A'MS..  U.S.A..  Alabama.  Crenshaw  Co..  11.8  ns.  W of  Brsntlay 
on  SR  106  on  Palsaliga  Crk,  E.  L.  Raiser,  ELR  099, 05  Nov  1994. 

UF  241092  E/ttraa  sp.  ‘A’  MS..  U.S.A.,  Alabama.  Escambia  Co..  Burnt  Com  Clk  W of 
Brewton  on  SR  29,  E.  L.  Mihalclk,  ELR  107, 05  Nov  1994 

UF  241094  Elimia  sp.  "A"  MS.,  U.S.A.,  Alabama,  Escambia  Co..  20.3  mi.  £ of  Brewlon 
at  McGowin  Bndge  on  the  Conecuh  River,  E.  L.  Raiser,  ELR  106.  25  Nov  1994. 

UF  241097  Elimia  ap.  ’A' MS.,  U S A.,  Alabama.  Escambia  Co.,  crk  1.1  mi.  N of  SR  29, 


nl.  w'of'sR  85.  E.  L.  Raiser.  ELR  105.  24  Nov  1994. 


>e  Rt.  79  bridge.  H.G.Lee.14 


2242T0  ESmia’cuivtcoslala'  densicoslala,  J.SA..  f 
N of  Vemon  on  Holmes  Craek,  ElizaOetn  L Raiser,  ELF 

UF  224264  Ei/rta  sp„  U.SA.,  Flonfla,  Washington  Co., 
Oct  1993. 


ipson,  FGT  5247, 24  Mt 


lie  Co„  9 ml.  S of  Ozark 


ApaW'Icola  River  Dfaihaoe  System 


UF  2S1S34  EHmk 
Chattartoochee  o 

UF  251639  Brmic 


U.S.A.,  Flonda,  Gadsden  Co.,  1 r 


UF  251641  EffmissD,  U.S.A.,  Rorida,  Gadsden  Co.,  eoulh  of  bridge  on  ADaketfilcola 
Chicole  SI'rerSvsIem 

UF  224226  EUmia  'aiivicoalale'  densioosfsis.  U.S.A.,  Rorida.  JacKson  Co.,  1 mi.  £ of 
MaiiannaalMetTiR’sMIll  Pond,  on  SR  90  nr  bridge.  E.  L.  Raiser.  ELR  007, 02  Oct 
1993. 

UF  224229  Elima'eurvieoslala’  donsJeoUala.  U.SA.,  Rorida,  Jackson  Co..  1.5  mi.  NW 
of  park  entranca.  Fiorloa  Caverns  State  Park  on  SR  166.  in  small  creek,  EllzabelTi  L. 
Raiser,  ELR  008. 02  Oct  1993. 

UF  224230  EHmia’ainlcoalBla'  densieostala.  U.SJV.,  Rorida,  Jackson  Co.,  2.9  mi.  NW 
Raiser,  ELR  OOo!  0200  1993. 

UF  22423S  Elimia  'cunicoslala'  densmstala,  U.SA  , Florida,  Jackson  Co.,  1.4  mi.  N 
of  Marianna  on  Diipola  River  off  SR  166.  Elizabeth  L Raiser,  ELR  010, 2 Oct  1993. 

UF  241068  EiimiBdiekiosooi,  U SA.,  Alabama.  Houston  Co.,  5.2  rrt.  N of  Cottorwood 
on  SR  55  on  trlb.  of  Cowart’s  Crk,  E.  L Raiser.  ELR  093,  07  Jul  1995. 

UF  241060  Elimia  dickinaonl.  U.SA.,  Alabama,  Houston  Co.,  3.2  ml.  E of  Madrid  on  Big 
Crk,  E.  L Raiser,  ELR  101, 06  Nov  1994. 

UF  241084  Elimia  dictonsoni,  U.SA.  Alabama,  Houston  Co.,  5.5  ml.  E.  ot  Campbellton 
on  Spring  Creek.  E.L.  Raiser,  ELR  102. 06  Nov  1994. 

UF  241128  EVmiadlckihsoni,  U S A..  Alabama.  Jackson  Co.,  5.3  mi.  Eol  Campbellton 
on  SR  2 at  Marshall  Creek.  E L Raiser,  ELR  103,  06  Nov  1994. 

UF  251648  Elina  'cunieoslala'  danslcoslala,  U S A.,  Florida,  Calhoun  Co.,  Chipola  R. 

1 ml.  E of  Clarksville  at  Hwy  20  bridge,  F.  Q.  Thompson,  FGT  5527,  04  Jul  1995. 

UF  263357  Eflmiscurvicosafa,  U.S.A.,  Florida,  Jackson  Co.,  Chipola  R.atCR  167 
(bridge  to  FL.  St.  Caverns  Park),  Paul  Moler.  ELM  129, 06  Jun  1996. 

UF  283362  Elimia  eorvfeKlaS,  U.S.A..  Rorida,  Jackson  Co.,  Chipola  R,  at  SR  278. 

Paul  Moler,  ELM  131.  19  Jun  1996. 

Flint  River  System 

UF  41459  £l/m/a‘curvreos»la'oien»cosra(a.  U.SA.,  Georgia,  Cnsp  Co.,  Limasione 
Cr.,  Drayton  Rd.,  4.7  mi.  S.  1.1  ml.  E of  Drajion,  32'Oroe'N,  83*54'39h/v  E L Mihalok 
& F.Q.  Thompson,  ELM  159, 130cl  1996. 

UF  230728  EFm/a  viennaensis.  U.SA.,  Georgia,  DcolyCo.,  Littia  PennahatOtee  Creek. 
3.5  mi.  NW  of  Vienna,  F.  6.  Thompson  4 6 L.  Raiser,  FGT  5478,  30  Sep  1994. 


UF  24105S  Siitia  mnnaansJs.  U SA.,  Georsia,  Dooly  Co.,  3.S  mi.  NW  of  Vienna  on 
SR  90ol  UWa  Panrahatcnee  Creak,  E.  L.  Raiser  i F.  G.  Thompson.  ELR  086. 30  Sep 


UF  241056  EOmia  inennaensls.  U S.A..  Georgia.  Upson  Co.,  5.8  ml.  SW  of  Linooln  Park 
ELR089.01  0el1394.*  ^ ' 

UF2410S7  eimia  viennaansis,  U.S.A..  Georgia.  Upson  Co..  5.8  mi.  SWof  Uncoln  Park 
on  SR  36  of  Fllnl  River  (shoal  downstream  of  bndge),  E.  L.  Raiser  & F.  G.  Thompson. 
ELR  086.0100  1994. 

UF 241058  Elimia  viennasnsis,  U SA,  Georgia,  Upson  Co.,  5.6  mi.  SWof  Uncoln  Park 
on  SR  38  of  FSnt  River  (shoal  upstream  of  hndge).  E.L.  Reiser  6 F.6.  Thompson,  ELR 
090, 01  Oct  1994. 

UF 241059  esmia  Wennaensis,  U.S.A.,  Georgia,  Upson  Co , 5.8  Ml.  SWof  Lincoln  Perk 
090,01  Oct  1994  **  * 

UF  251611  Elimia  vrenneensis,  U.S.A.,  Georgia,  Upson  Co.,  7.1  ml.  W of  Thomasion 
on  SR  36,  on  Potato  Crk„  F.  G.  Thompson  & E.  L Raiser,  ELR  118,  07  May  1996. 

UF  251612  ffima  wenneansfs.  U.SA.,  Geortga,  Upson  Co.,  7.1  ml.  W of  Thomaston 
on  SR  36,  on  Potato  Creek,  F.  G.  Thompson,  6 E.  L.  Raiser,  ELR  118,  07  May  1995. 

UF  251614  Elimia  wennaensrs,  U.SA,  Georgia,  Upson  Co.,  23  ml.  W of  Thomasion  on 
Adams  Perry  Rd..  E L Raiser  & F.  G.  Thompson.  ELR  119.  07  May  1995. 

UF  251615  E/imraviennaens/s,  U SA.,  Georgia.  Upson  Co.,  23  ml  W of  Thomasion  on 
Adams  Perry  Rd.,  E.  L.  Raiser  & F.  G.  Thompson,  ELR  119,  07  May  1695. 

UF  251616  EIrrnia  vremaens/s,  U.S.A.,  Georgia,  Upson  Co.,  alPo  Biddy  Rd.  Bndgaon 
Flint  R.,  F.  G.  Thompson  & £.  L.  Raiser,  ELR  120,  07  May  1995. 

UF  251617  amie  Wennaensrs,  U.S.A.,  Georgia,  MertwatherCo.,  4.6  ml.  E of  Gay  on 
SR  109,  bridge  on  Flint  River,  E.  L Raiser  6 FGT.  ELR  121, 07  May  1995. 

UF  251619  Elimia  albanyansla.  U S A.,  Georgia,  Dougherty  Co.,  Flint  R.  between  Broad 
Ave.  S,  Jefferson  SL  In  Albany,  E.  L.  Raiser,  ELR  122, 12  May  1995. 

UF251625£»nfa(derKf>/,  U S A.,  Georgia,  Decatur  Co.,  Bainbridge  off  SR  84 
downtown  city  park,  E.  L.  Raiser,  ELR  124,  17  Jun  1995. 

UF  251843  Elimia  viennaensrs,  U.SA.,  Georgia,  Crisp  Co.,  Umeslwre  Creek  at 
Cannon  Rd..  4.7  ml.  S of  Drayton,  33‘02’02’N,  83’55'34'W,  F,  G.  Thompson  4 E L 
Mlhalcik,  FGT  5533, 26  Aug  1995. 


UF  251648  BHmia  vvnnaensis,  U.SA.,  Georflla.  Dody  Co.,  Turiiey  Cik.,  4.4  mi.  NNG. 
0.6  mi.  E of  Drayton,  F.  G.  Thompson  & E.  L Mihaiak.  FGT  5532.  28  Aug  1995. 

UF  251850  Bfmiavionnaoos/s,  U.SA.,  Georgia,  Crisp  Co.,  UmesloneCrk.  at  Drayton 
Rd.,4.7mi.  S.  1.1  mi.  E of  Drayton,  32*0rO8'N,  83'54'39'W.  F.  G.  Thompson  & E.  L 
Mihalcik.  FGT  5534, 26  Aug  1995. 

UF  251651  Eftmia  'curvtcoalafa'  dansio»i8f8,  U.S.A..  Georgia,  Dooly  Co..  Limestone 
Creek  at  MrSCay  Rd.,  ca.  4 ml.  S,  2 mi.  E of  Drayton,  32°02X«7J,  e3°54’33’W,  F.  G. 
Thompson  and  E.  L.  Raiser,  FGT  5535,  26  Aug  1995. 

UF  251653  Buna  vrannaans/s.  U.SA..  Georgia,  Dooly  Co..  Umestcna  Creek,  at 
McCay  Rd„  ca.  4 ml.  S,  2 ml.  E of  Drayton,  32‘02’00'N,  83‘54'33'W,  F.G.  Thompson  5 
E.  L Raiser,  FGT  5535.  26  Aug  1995. 

UF  251656  EfUna  'curvicosfata'  densicosfafa,  U.S.A.,  Georgia,  Crisp  Co.,  Swift  Crk, 
approx.  4 ml.  E of  Waiwlok.  FGT  5536.  26  Aug  1965. 

UF  251656  Efim's  vfennaensfs.  U.S.A.,  Georgia,  Crisp  Co.,  Sv«n  Creek,  ca.  4 mi.  E.  of 
Waravick.  F.  6.  Tnompson  5 E L Ulhaldk,  FGT  5536,  26  Aug  1995. 

UF  251660  EUmia  'ourvfcosfafa*  danatcosfata.  U.S.A.,  Georgia,  Crisp  Co.,  Big  Abrams 
Creek,  4.2  mi.  S.  of  Oakneld.  F.G.  Thompson  & E.  L Minaldk,  FGT  5537,  26  Aug  1995 

UF  251662  EUmia  vtannaansrs,  U.S.A.,  Crisp  Co.,  Big  Abrams  Creek.  4.2  mi.  S of 
Oakf  eld,  F.  G.  Thompson  & E.  L.  Mihalcik.  FGT  5537.  26  Aug  1995. 

UF  251663  Efim's  ’cunietatata-  dansicostala.  U.S.A.  Georgia.  Cnsp  Co..  Swift  Creek, 
ca.  4 mi.  E of  Warwick,  F.G.  Thompson,  FGT  5538, 27  Aug  1996. 

UF  251664,  ESmia  •eurvwosfa/s'  Oensicaslata.  U.S.A.,  Georgia.  Crisp  Co..  North 
Branch  Swift  Creek  3.5  mi.  WofPatevil'e.  F.  G.  Thompson,  FGT  5539.  27  Aug  1995. 

UF  25M65  EHmia'curvjcoslata’  dansjeostafa.  USA.,  Georgia,  Crisp  Co.,  Jones  Crk,  2 
nk  SEOakfeld.  Fred  G.  Thompson.  FGT  5540. 27  Aug.1995. 

UF  251666  Elimia  vlannaensia.  U.SA..  Georgia.  Crisp  Co..  Jones  Crk,  2 ml.  SE  of 
Oakfield.  F.  G.  Thompson.  FGT  5540.  27  Aug  1995. 

UF  251882  E/irtlra  •rarnTCOslafs’  (tensuxslata,  U.S.A.,  Georiga,  Crisp  Co.,  Big  Abrams 
Crk,  4.2  ml.  S of  Oakfield.  F.  G.  Thompson  6 E.  L.  Mihaidk.  FGT  5537.  26  Aug  1995. 

UF  263094  Elfmia  afbenyensis,  U.S.A.,  Georgia,  Baker  Co.,  Ichawaynochaway  Crk 
below  dam,  31’18.1'N,  84°29.3'W,  F.  G.  Thompson  & E.  L Mihaldk  FGT  5630, 06  Oct 


UF  263095 
1996. 


EUmia  afbanysnsfs.  U.S.A.,  Georg! 
Hwy91  bridge,  31”11.9'N,  84'28.C 


rCo..  IcSiawsynochaway  Crk,  ca 


k,  FGT  5631, 08  Ju 


UF  2B1609  EBmla  mulaMis.  U.S.A.  Georgia,  Newton  Co.,  0.2  ml.  W from  5R  212  m 
Thofi^aon,  ELR  117, 06  May  1995. 

UF  251667  EArTtia  inulabHis.  U.S.A.,  Georige,  Newton  Co.,  Sooth  River,  Snapping 
Shoals,  F.  G.  Thompson  6 E.  L Raiser,  FOT55A2.  24  Aug  1995. 

UF  263347  Elimia  Smida.  U.S.A.,  Georgia,  Pulaski  Co.,  Mile  Crk„  200-300  m.  upstream 
tromOcmulgee  R.,ea.  Irrt.  SEof  Hawkinsville,  32"16.0'N,  83^7.7W,  F.  G, 

Thompson  and  E.  L Mihaldk,  FGT  5688, 15  Sep  1896. 

UF2ee24S£Aims(tmlda,U.S.A..  Georgia,  Dooly  Co„  Mock  Sprmgs,  10.5  ml.  Not 
Hawkinsville,  32*12.3'N,  83‘35.0-W,  E.  L Mihalcik,  ELM  158, 12  Od  1996. 

UF  266247  EAirka  Amkta,  U.S.A..  Georgia,  Pulaski  Co„  MileCr,,  200-300  m.  upstream 
from  Ocmulgee  R„  ca.  1 ml.  SE  of  Hawkinsville.  32°16.0'N,63'22.7'W,  E.  L Mihalcik 
ELM  160, 12  Oct  1996. 

UF  266328  Elimia  Smrda,  U.S.A.,  Pulaski  Co.,  Big  Tuscawhalchee  Crk,  at  Burnt  Bridge 
Rd.,  ca.  7 mi.  W of  HawkinsviliB,  32’15.9'N,  e3‘35.2'W,  F.  G.  Thompson,  FGT  5713,  26 

UF  266330  Elimia  d/nrda,  U.S,A.,  Georgia,  Pulaski  Co.,  headwater  spring  seep  of  Big 
Tuscawhalchee  Crk.,  ca.  6 ml.  WSW  of  Hawkinsville  along  GA  Hwy  230, 32*14.3’N, 
63‘36.3'W,  F.  G.  Thompson,  FGT  5712, 02  Oct  1996. 

UF  266328  Elimia  dmrda.  U.S.A.,  Pulaski  Co..  Big  Tuscawhalchee  Crk.  al  Burnt  Bridga 
Rd„  ca.  7 mi.  Wof  Hawkinaville,  32*15.9’N,  83^5.2'W,  F.  G.  Thompson,  FGT  5713, 26 


UF  266330  EAmre  limida,  U.SA.,  Georgia,  Pulaski  Co.,  haadwatar  spnng  seep  of  Big 
Tuscawhalchee  Crk.,  ca  a ml.  WSW  of  Hawkinsville  along  GA  Hwy  230,  32*14  3'N, 
SS'Sa.S'W,  F.  G.  Thompson,  FGT  5712,  02  Ocl  1996. 

UF  266383  Elftnra  Smida.  U.S.A.,  Georgia.  Dooly  Co..  Mock  Springs,  10.5  mi.  WSW. 
I.Omi.  NofHawkJnsviHa,  32*12.3'N,  63'35.0'W,  F.  G.  Thompson,  FGT  5702, 12C)CI 


UF  267264  Elimia  dmida.  U.S.A.,  Georgia,  Pulaski  Co.,  headwater  spring  seep  of  Big 
Tuscawhetchee  Crk  , ca.  8 ml.  WSW  of  Hawkinsville.  along  GA  Hwy  230  32*14  3‘N 
83*38.314/,  F.  G.  Thompson,  FGT  5712,  26  Oct  1996. 


Oltwr  MHOM  tod  Ihtir  tocalitai 


UF  267737  E6mla  oHviila.  Alabama,  Monroe  Co.,  Alabama  Riyerca.  1.5  ml. 
downatrearr  of  U.8.  Hwy  84,  ca.  300  m.  upstream  from  grain  elevator,  Uaootm  Pierson 
and  WaUy  Hoznagel,  10  Feb  1991. 

UF  239528  PadiyeMus  obeSsaus.  Honduras,  Santa  Cruz  de  Vo)oa  Dapt.,  NW  sbore  of 
Lago  de  Yofoa,  Umestona  Peninsula,  14°55'3CrN.  SS^  OSniV.  F.  G.  Thompson  & J. 
Pollsar,  FGT  5516, 30  May  1994. 


APPENDIX  G 

MORPHOMETRIC  ANALYSES  OF  THE  SOUTHEASTERN  EUMIA  USED  IN  THE 
CANONICAL  DISCRIMINANT  ANALYSIS 


Goniotiasil  IslUanB.  U.SA..  Alabama,  ClarKe  Co.,  Brancn  of  RabMI  Cili,  4.1  ml.,  W of 
Walker  Spring,  UCZ  236204. 


Einnia  sp. ‘A*  MS  . U.S.A.. . 
5244,  UF  224290. 


Oia  Co.,  Sepjiga  River  at  Brooklyn.  FOT 


Yalow  Rrrer  ftalnaoe  Svnein 

Elimia  ap.  'G'  MS.,  U.S.A , Florida,  Okaloossa  Co.,  Murder  Creek,  Iributaiy  to  Yetow 
River  on  SR  2, 4.5  mi.  W of  SR  85,  ELR  105,  UF  241 133, 

Choclawhalehee  Rrver  Drainane  Rytlam 

ESnta  sp.  ’B*  MS.,  U.S.A.,  Alabama.  Geneva  Co„  Choetawrtalchoe  River,  0.5  ml.  E of 
Geneva,  F.  G.  Thompson,  FGT  5548,  UF  251686 


Eftna  eorvfcosfafa  OemicostBla.  U.S.A.,  Georgia.  Oooty  Co.,  Lmestone  Creek  at 
McCay  Rd„  ca.  4 ml.  S,  2 mi.  Eof  Drayton,  FGT  5535,  UF  251651. 

fiffmia  wannaens/e,  U.S.A.,  Georgia.  Crisp  Co.,  Umestone  Crk.  at  Drayton  Rd„  4.7  ml 
S,  1.1  ml.  E of  Drayton,  FGT  5634,  UF  251650. 

Eftmia  uchemeis.  U.S.A.,  Alabama,  Russell  Co , 16.2  mi.  SW  of  Phenlx  City  at  LWe 
Uchee  Crete  on  SR  189,  ELR  123,  UF  251823. 


ESwia  sp.  ‘C*  MS..  U.S.A..  Georgia,  Lauren 
of  Dudley  at  SR  326.  ELM  154,  UF  41451. 


I Co.,  Rotey  Crk.,  6.7  mi.  SE.  2.6  ml.  NW 


E/rmlamufBMis,  U SA..  Georgia,  Newton  Co.,  0.2  ml.  W from  SR  212  In  Snapping 
Shoal  Community,  Ocmulgae  at  Snapping  Shoals,  ELR  117,  UF  251609. 
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EHmia  Vmkla.  U.SA.,  Q»orsla,  Pulaski  Co..  Mila  Cr.,  200-300  m.  upstream  from 
OcmulgaaR.,ca  1 ml.  SE  of  HawkinsvJIa.  ELM  160.  UF266247. 
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Appendix  C contains  tne  morptiotoplcal  datasets  at  tne  type  specimens.  The  type 
datasets  are  arranged  ttpnaMticaity  as  thay  are  listed  Deittw.  The  vanahie  L,  2nd  L,  W, 

degrees  The  quantity  was  noted  for  the  numberof  whdrls  (aWH),  ribs,  spirel  chdfds 
on  the  body  whorl  (BW)  and  penultiniate  whorl  of  the  spire  (SpW).  The  veriebles  PBW 
(Position  on  the  Body  Whorl)  and  PSPW  (Posibon  cn  the  PenuiUmale  Whod)  indicate 
the  posidon  of  the  spiral  chords  relative  to  Ihe  periphery  of  the  whorl. 


Melanra  curviOOSfara  Reeve,  1961,  Types  BMNH  1994059. 

Melania  densicoafala  Reeve.  1881,  Types  BMNH  1994057. 

GoniobaaisdoolyensisLeB,  1862;  Lectotypa  JSNM  119121,  Paralectotypes  U8NM 
873108. 

GoniobasIsemoWLea.  1862.  Lectotype  USNM  119122,  Paralectotypes  USNU  873113. 
Gonrobasrs  elowanensis  Lea,  1862,  Lectotype  USNU  121479. 

Goniobasis  gasneii  Lea,  1868.  Lectotype  USNM  119134. 

Gorvobasis  incHnana.  Lea.  1862,  Lectotype  USNM  118743,  Paralectotypes  USNM 
873102. 

GorUobasrsinOutaLea.  1862,  Lectotype  JSNM  11974,  Paralectotypes  USNM  873111. 
Goniobaasinoaulaa,  Lea.  1862,  Lectotype  JSNM  119177.  Paralectotypes  USNM 


Melania  moOesra  Lea,  1845,  Lectotype  USNM  119189. 

Gorvobasis  rm/labrAs  Lea.  1862.  HolotypeUSNM  118443,  Paratypes  JSNM  118493. 
Gonlobeila  mjlaeiua  flnVdrrj  Goodrich,  1942,  Holotype  UMMZ  499211,  Paratypes 

IIUPLI7XQ0S4 


Gmiobasis  ucheensls  Lea,  1862,  Lectotypa  USNM  1199259,  Paralectotypes  USNM 


GorVpbasrs  vfennaansis  Lea,  1862,  Leclotype 


I USNM  118743,  Paralactotypes 
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